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ABSTRACT 
Behavioral Response of Desert Bighorn Sheep to Human Harass~ent: 
A Comparison of Disturbed and Undisturbed Populations 
by 
Michael M King, Doctor of Philosophy 
Utah State University, 1985 
Major Professor: Dr. Gar W. Workman 
Department of Fisheries and Wildlife 
Desert bighorn sheep (Ovis canadensis nelsoni) response to 
human disturbance was evaluated in southeastern Utah from 1981-
1983. Bighorn response was compared between the Red Canyon area, 
an area with relatively high levels of human disturbance, and 
the White Canyon area, an area with relatively low levels of 
human disturbance. Bighorn were deliberately harassed by 
vehicles and hikers and immediate response and distance fled were 
recorded. When bighorn remained in the presence of the harassing 
stimuli, actual time spent in and proportion of animals engaged in 
various behaviors were recorded to determine group wariness and 
activity budgets under harassed conditions. Bighorn were also 
observed under unharassed conditions to compare behavior between 
harassed and unharassed conditions. 
Red Canyon bighorn responded more severely to harassment 
trials than White Canyon bighorn. Response by Red Canyon bighorn 
was generally running flight whereas White Canyon bighorn 
responded most often with non-flight behaviors. Group wariness 
was greater for Red Canyon bighorn than White Canyon bighorn when 
bighorn were exposed to continuous harassment. Activity budgets 
of unharassed bighorn were similar between areas, however, 
activity budgets of harassed animals differed significantly 
between areas particularly with respect to attention and feeding 
behaviors. Red Canyon bighorn were at attention longer and fed 
less than White Canyon bighorn under harassed conditions. 
Energy-nutrient relationships, hunting ramifications, and 
management implications as they relate to harassment of desert 




Major declines in North American wildlife populations have 
been attributed to the advent of European man (Kimball and 
Johnson 1978, Wagner 1978). However, the specific effects of 
human disturbance on the biology of wildlife have received little 
study until recently. The extent of our knowledge is generally 
limited to documentation of range abandonment or population 
decline and speculation about possible causes. Few studies deal 
with more subtle, but equally interesting and, perhaps, more important 
areas of how human disturbance affects physiology, bioenergetics, 
population dynamics, ecology, and behavior of disturbed species. 
This is, no doubt, a direct result of the difficulty involved in 
collecting such data in field-oriented studies. However, in 
light of increasing potential for disturbances associated with an 
expanding human population, information on the effects of human 
disturbance will be needed to predict impacts on wildlife 
populations (Sinclair 1979). 
Bighorn sheep (Ovis canadensis spp) have been particularly 
susceptible to human disturbances. Buechner (1960) concurred 
with Seton's (1929) estimate of 1.5 to 2 million bighorn sheep in 
North America prior to the advent of European man. However, 
Wagner (1978) suggested that those estimates might be somewhat 
conservative based on the widespread distribution of bighorn 
depictions in native American rock art and bighorn remains at 
archaeological sites in western America. Bighorn numbers dropped 
radically during the latter half of the nineteenth century to an 
estimated low of approximately 45,000 in 1978 (Wishart 1978). 
Biologists agree that expansion of human influence westward into 
bighorn habitat was most likely responsible for reduced numbers 
(Trefethen 1975, Lawson and Johnson 1982). Declines occurred in 
northern bighorn (Cowan 1940, Mccann 1956, Buechner 1960, Stelfox 
1971) as well as in the southern races of desert bighorn (Russo 
1956, Wilson 1968, McQuivey 1978, Wehausen 1980, DeForge 1980). 
Several varied factors, including habitat destruction, vegetation 
alteration, unrestriced hunting, and problems associated with the 
introduction of domestic livestock have been cited as reasons for 
bighorn losses (Wilson 1968, Galliziolli 1977, McQuivey 1978, 
Wagner 1978, Wehausen 1980, Bailey 1980, Mccutchen 1981, Hansen 
1982, Goodson 1982, Foreyt and Jessup 1982). 
Several management practices ranging from transplant and 
reintroduction programs to complete protection have been 
initiated to check falling bighorn numbers and restore them to 
former ranges (Trefethen 1975, Wishart 1978, Wehausen 1980 
Rowland and Schmidt 1981, Lawson and Johnson 1982). Despite all 
these efforts, many pertinent question3 regarding human 
disturbance remain unanswered. Little research has been 
conducted to determine how bighorn are being affected 
behaviorally or physiologically. Geist (1975a) and Miller and 
Gunn (1979) have pointed out the deficiency of systematic 
studies with respect to harassment for virtually all wildlife 
species, citing inappropriate research design and timing as major 
drawbacks to the study of harassment. Most information now 
2 
available has come tangentially from studies with other primary 
objectives and is fragmentary at best. Information now 
available on how human disturbance affects bighorn sheep is no 
exception. 
In light of the lack of knowledge regarding harassment 
effects on bighorn sheep this study was initiated to 
systematically compare bighorn sheep behavior in areas where 
bighorn have been exposed to contrastingly different disturbance 
regimes. An opportunity to study bighorn sheep under such 
conditions existed in San Juan County, Utah in the Red Canyon and 
White Canyon areas. 
3 
OBJECTIVES 
The purpose of this study was to determine if desert 
bighorn sheep that occupy an area of southeastern Utah with a 
relatively high level of human disturbance (Red Canyon area) 
exhibit behavioral differences compared to desert bighorn sheep 
that occupy an area with a relatively low level of human 
disturbance (White Canyon area). The way in which animals 
respond and budget their time with respect to proximate variables 
is of particular interest to behavioral ecologists (Bekoff and 
Wells 1981) • Particularly meaningful are responses and 
resultant activity patterns as a result of human disturbance. In 
this light, two specific areas were investigated with the intent 
4 
of determining how bighorn behavior is affected by human 
disturbance and evaluating the usefulness of overt behavior as an 
indicator of levels of harassment. This analysis included 
immediate response to harassment stimuli and, secondly, alteration 
of activity patterns under conditions of harassment. The following 
two major objectives were addressed ~nd their accompanying 
hypotheses were tested: 
1. To study differences in behavioral response by desert 
bighorn to human harassment in the Red Canyon and 
White Canyon areas of southeastern Utah with respect to 
severity of immediate response and distance fled. 
5 
Null Hypotheses: 
a. Immediate response by desert bighorn to human harassment 
will not differ for Red Canyon and White Canyon areas. 
b. Distance fled by desert bighorn after human harassment 
wi 11 not differ for Red Canyon and White Canyon areas. 
2. To evaluate differences in activity budget for desert 
bighorn for Red Canyon and White Canyon areas under 
harassed and unharassed conditions with respect to major 
behavioral categories. 
Nul 1 Hypotheses: 
a. There will be no difference in group wariness between 
desert bighorn in Red Canyon and White Canyon areas 
during periods of prolonged human harassment. 
b. Activity budgets for desert bighorn sheep will not be 
different for Red Canyon and White Canyon areas under 
harassed and unharassed conditions with respect to 
amount of time spent in each behavior category and 
number of individuals involved in each behavior category. 
LITERATURE VIEW 
Geist (1975a) defined harassment as any stimulus that causes 
an excited state in an animal. This level of excitement may vary 
from low levels characterized by slight elevations in heart rate 
to high levels characterized by panic and severe exertion 
resulting from flight. Harassment or disturbance to wildlife 
populations occurs when people and wildlife come together. This 
is especially important now as demands for construction, mineral 
exploration and extraction, tourism, and recreation increase and 
expand into remote areas, thereby increasing the chances of man-
animal interaction. 
These confrontations between humans and wildlife present new 
learning experiences to animals. The appearance of human 
activities causes a change in an animal's environment and the 
animal will respond in an attempt to adapt to the change (Miller 
and Gunn 1979). If the change creates a novel stimulus, animals 
generally undergo an alarm reaction as they ready themselves for 
flight (Selye 1973). If a negative experience follows, animals 
form a strong aversion towards the stimulus object or situation. 
Future exposure to the same stimulus or similar stimuli to which 
the animal might generalize the negative experience (Fantino and 
Logan 1979), can result in elevated levels of excitement or 
avoidance of the area where the disturbance occurred (Geist 
1971a, 1975a, Horesji 1976). Besides range abandonment, 
disturbance can cause neurosis and increased metabolism which 
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competes for energy at the expense of growth and reproduction 
(Liddell 1961, Blaxter 1962, Geist 1971a, Geist 1975a). These 
factors can lead to weight loss, loss of appetite, malfunctioning 
horn growth, increased susceptibility to predation, reduced 
reproduction or death. Generally, animals tend to seek 
predictable environments (Geist 1979) in which to live. 
Therefore, disturbance is most detrimental if frequent and 
unpredictable so that the animal cannot escape it (Geist 1975a, 
DeForge 1980). 
If the stimulus is neutral and poses no threat, animals 
habituate to or ignore the stimulus or similar stimuli 
(Geist 1975a, 1978, Horesji 1976, Fantino and Logan 1979). 
Failure to ignore innocuous stimuli wastes valuable time and 
energy as the animal engages in uneconomical behavior (Klopfer 
1973, McCullough 1982). If the stimulus is positively 
reinforcing, animals can be expected to approach it (Stokes 
1970, Geist 1971a). In other words, an animal's behavior 
toward humans is primarily a consequence of human behavior 
toward the animal. Animals behave the way humans teach them to 
behave (Geist 1971a). There is no reason to believe that 
wildlife cannot live in close proximity to man given that 
activities of man do not present disturbing stimuli (Parker and 
Graham 1971, Cowan 1974). This is evidenced by many examples of 
wild animals becoming habituated to human researchers that pose 
no threat (Welles and Welles 1961, Holdroyd 1967, Geist 1967) and 
tameness of wildlife in national parks or other areas where they 
are protected from hunting and other negative experiences (Geist 
1971a, 1975a, Horesji 1976, Thorne et al. (1978), Hicks and Elder 
1979). This encourages researchers to determine which stimuli 
from the wide spectrum of stimuli presented to wildlife by man 
are the most harmful so they can be averted when man and animals 
interact. 
Geist (1975a) provided significant insight into the field of 
human disturbance or harassment to wildlife. Along with 
providing a working definition of harassment, he suggested a 
framework for future study by synthesizing existing information 
on the effects of harassment from several different scientific 
fields. Geist identified three major effects that harassment can 
cause to wildlife dependent on the level of excitement in the 
animal. First, metabolism is elevated at the expense of body 
growth, development, and reproduction. The result of excitation 
is highly variable, but chronic excitement can increase metabolism 
by as much as 25 percent above maintenance (Geist 1975a). In 
addition to excitation, harassment can cause animals to increase 
energy-inefficient activities such as running and climbing that 
can exceed basal metabolism by as much as 8 to 20 times (Moen 
1973, Brockway and Gessaman 1977, Gates and Hudson 1978). 
Second, harassment can lead to accidents, death, illness, and 
reduced reproduction due to secondary effects of exertion. Not 
only is physical exertion metabolically costly, it can lead to 
damaged body tissues as well (Chalmers and Barrett 1982). 
Depressed body condition resulting from harassment can increase 
susceptibility to bacterial and viral infections (McFarlane 
1976, Thorne et al. 1978, Sinclair 1977, DeForge 1981). Third, 
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harassment can lead to avoidance or abandonment of areas where 
negative stimuli have been experienced. This may lead to 
reductions in range, quality habitat, or food resources. Several 
studies have demonstrated that animals avoid areas where humans 
disturb them (Ward et al. 1972, Ward 1973, Schultz and Bailey 
1978, Miller and Gunn 1979, Morgantini and Hudson 197g, Rost and 
Bailey 1979, Irwin and Peek 1980). 
There is evidence in the scientific literature to suggest 
all three major effects of harassment discussed by Geist are 
operational in bighorn sheep populations. Bighorn have abandoned 
many areas of historic use after human disturbance (Nelson 1966, 
Geist 1971D, Douglas 1976, Horesji 1976). Activity and habitat 
use patterns have also been altered in some areas that have been 
altered by man (Jorgensen 1974, Leslie and Douglas 1980, Campbell 
and Remington 1981). DeForge (1981) has suggested that poor body 
condition and small horn size of bighorn in a few areas in 
southern California was attributable to stress imposed by human 
disturbance. 
Horesji (1976) further categorized harassment into forms he 
termed active and passive. Active harassment, a result of 
approach or pursuit, causes an obvious change in activity and 
results in flight. Passive harassment results from the mere 
presence of humans within an animal's home range and does not 
usually cause flight but elevation of excitement levels. As a 
result the effects of passive harassment are subtle and difficult 
to ascertain. In both cases energy expenditure is increased and 
animals are prevented from exploiting their environments as they 
9 
normally would had the harassment not occurred. 
A few studies have provided some insight into the effects of 
human disturbance on bighorn behavior. Wehausen et al. (1977) and 
Wehausen (1980) studied the effects of human approach on bighorn 
in the Sierra Nevada, California. He found, as might be 
expected, that closer approach, particularly from above, caused a 
more extreme response. Ewes with lambs were more reactive than 
ram groups, particularly in the spring and summer seasons. Based 
on this information, Wehausen recommended that caution should be 
used by land management agencies in setting quotas for 
backcountry recreationists, particularly during the time when 
lambs are still dependent on their mothers. 
Hamilton (1982), Hamilton et al. (1982), and Holl and Bleich 
(1983) studied the effects of vehicle and human approach on 
bighorn behavior in the San Gabriel Mountains, California. As 
Wehausen (1980) found, the closer bighorn were approached by both 
vehicles and humans the more severely they responded. However, 
they concluded that heavy trail use by hikers (over 14,000 hikers 
from June to September) through bighorn habitat did not cause 
bighorn to abandon areas next to trails. Hicks and Elder (1979) 
found similar results in areas of high hiker use in the Sierra 
Nevada. Although bighorn did not abandon areas of heavy hiker 
use in the San Gabriel Mountains, they did alter their activity 
patterns, particularly at mineral licks. Licks were not used by 
bighorn while hikers were in close proximity to the lick area. 
Bighorn waited until humans left the lick before entering the 
lick area themselves. Holl and Bleich (1983) also found that 
10 
responses were affected by season, sex, habitat type, frequency 
and type of encounter between bighorn and people. 
Bates (1982) found, as Geist (1971b) had, that escape 
terrain was an important component of bighorn habitat. Bighorn 
farther from escape terrain reacted more severely than bighorn in 
close proximity to escape terrain. Bighorn that were close to 
escape terrain often moved only short distances after being 
exposed to various types of human disturbance. 
Wehausen (1983) also found that habitat played an important 
role in determining how flight prone bighorn were in the White 
Mountains, California. He found bighorn that were disturbed in 
open terrain had longer flight distances (Walther 1969) than 
those disturbed in or near rocky canyons. He also found, as he 
had earlier in the Sierra Nevada, that as lambing season 
approached, ewes became increasingly more wary. 
Although Horesji (1976) did not research the effects of 
harassment specifically, he made several interesting observations 
based on his experience in the field. He pointed out, as Hansen 
(1970) and Geist had (1971b), that hunting had a definite effect 
on bighorn behavior. They suggested that hunted populations of 
bighorn were more wary than unhunted populations, as tolerant 
individuals had most likely been culled by hunters. Unhunted 
animals, such as those in national parks, have shorter flight 
distances than hunted animals. Geist (1971b) cited an instance 
where heavy hunting pressure of Rocky Mountain bighorn in Canada 
had caused rams to abandon their home ranges permanently. 
Batchelor (1968, in Geist 1975a) noted similar shifts in habitat 
11 
use by red deer (Cervus elaphus) and chamois (Rupicapra 
rupicapra) after they had been hunted heavily as a means of pest 
cont ro 1 in New Zea 1 and • 
Thorne et al. (1978) also suggested that hunting would 
negatively affect bighorn populations, especially if ewe hunts 
were initiated. They feared that ewes would abandon critical 
winter range if hunted, which would in turn restrict ewes to 
suboptimal range and lead to reduced lamb production. 
Geist (1975b) and Horesji (1976) also made the point that in 
areas where hunting occurred, other humans such as hikers, 
geologists, miners, livestock operators, etc., could be 
12 
presenting a stimulus to bighorn that could not be differentiated from 
hunters. Thus those activities could be presenting a negative 
experience every time bighorn were exposed to them. They 
suggested possible consequences of continuous exposure to these 
activities could result in sheep that are nervous and exhibit 
increased alertness, pacing, prolonged staring, and more severe 
flight. They also predicted that sheep exposed to excessive 
harassment would become more secretive, more inefficient at 
conversion of food resources into usable energy, and more likely 
to use areas of less favorable habitat. Geist (1971a, 1975b) 
suggested that consumptive uses (hunting) and nonconsumptive uses 
(photography, hiking, etc.) are not compatible in the same areas 
and encouraged wildlife managers to set aside natural areas where 
hunting would not be allowed so interpretive programs for 
nonconsumptive users could be established. 
MacArthur et al. ( 1979, 1982) conducted heart rate telemetry 
and behavioral studies on free-ranging Rocky Mountain bighorn 
sheep (~£.!.. canadensis) in the Sheep River Wildlife 
Sanctuary, Canada, under various behavioral and environmental 
conditions. They found that cardiac and behavioral responses 
were greatest when bighorn were approached by humans accompanied 
by a dog or from above over a ridge. Reactions to road traffic 
and aircraft were only significant if distance to disturbance was 
relatively close (within 400 m, 437 yds). Increased heart rates 
as a result of disturbance were discovered that were not evident 
from overt behavior alone. However, mean duration of increased 
cardiac response was not greater than mean period of behavioral 
reaction. They concluded that heart rate telemetry and 
behavioral observation were both valuable tools in assessing 
impacts of human disturbance on wildife populations, though the 
expense of heart rate telemetry is often prohibitive. 
Despite all the information available about bighorn 
reaction to human disturbance, there have been no studies that 
actually compare harassed populations to unharassed populations 
to determine behavioral differences. However, Berger et al. 
(1983) did take a novel approach and compared behavior of 
pronghorn (Antilocapra americana) in disturbed and 
undisturbed areas. They concluded that pronghorn in the 
disturbed area were more vigilant (spent more time scanning their 
environment during feeding bouts) and, therefore, foraged less 
efficiently than conspecifics from undisturbed areas. When 
deliberately harassed, animals from the disturbed area expended 
more energy in escape effort (ran farther at a faster rate) than 
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pronghorn from the undisturbed area. Animals in the disturbed 
area also displayed heightened alarm responses as indicated by a 
greater percentage of clumped flights, more piloerection, and 
greater delay in resumption of feeding when compared to animals 
from the undisturbed area. 
Though all aspects of the effects of human disturbance 
on wildlife are of value to wildlife managers, ways that 
disturbances alter normal behavior patterns are particularly 
meaningful. Behavior exhibited in response to harassment 
incidents can be observed without sophisticated and expensive 
equipment and may prove to be useful as an indicator of 
disturbance levels. 
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DESCRIPTION OF STUDY AREA 
Topography and Geology 
The desert canyons and mesas of San Juan County, Utah, 
provide generally suitable habitat for desert bighorn sheep. 
Stable populations of desert bighorn live along the Colorado 
River and Lake Powell and in the rugged canyons that drain into 
the lake and river. The area between Dark Canyon to the north, 
Red Canyon to the south, and Lake Powell to the west, and Natural 
Bridges National Monument to the east was selected specifically 
for the study (Figure 1). The study area, approximately 310 
square km (190 square miles), is administered by the Bureau of 
Land Management and the National Park Service. 
The area is part of the Colorado Plateau and consists of a 
gently westward dipping plateau that has been deeply cut by Dark, 
\Jhite, and Red Canyons and their tributaries (Thaden et al. 
1964). High mesas, steep cliffs, precipitous talus slopes, and 
valley floors dissected by deep inner canyons are common 
throughout the area. A high divide nearly 24 km (15 miles) long, 
the Wingate Mesa, separates White and Red Canyons (Figure 1). 
Elevations range from 1128 m (3700 feet) on the shores of Lake 
Powell to over 2134 m (7000 feet) on several of the me,a tops. 
Major geologic formations in the area (Figure 2) include the 
Cutler formation, a light colored sandstone that forms valley 
floors often cut by narrow inner canyons; the Moenkopi formation, 
a chocolate colored sandstone that forms cliffs and talus slopes 
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Figure 2. Geologic profile of the Red and White Canyon study areas. 
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above the Cutler valley floors; the Chinle formation, an easily 
erodable limestone-sandstone-claystone-siltstone that forms 
reddish talus slopes above the Moenkopi; the Wingate formation 
that forms an unsealable cliff approximately 91 m (300 feet) 
thick above Chinle slopes; and the Navajo and Kayenta formations 
that form a sandstone caprock on top of the Wingate (Thaden et 
al. 1964). 
Vegetation 
Various plant communities are found in the area and are 
controlled by altitude, topography, water availability, and soil 
type (Thaden et al. 1964, Loope 1977). Common plant communities 
found in the area include: (1) blackbrush (Coleogyne 
ramosissima)-galleta grass (Hilaria jamesii) on many valley 
floors and lower benches, (2) shadscale (Atriplex confertifolia)-
ephedra (Ephedra spp.)-ga 11 eta grass common on higher south and 
east facing slopes and benches, (3) pinyon pine (Pinus edulis)-
Utah juniper (Juniperus osteosperma) found on mesa tops, rims, 
and valley floors, and (4) salina wild rye (Elymus salinus)-
galleta grass on higher north and west facing slopes (Wilson 
1968). 
Climate 
Precipitation varies with location. Generally, annual 
average precipitation increases in eastern locations throughout 
the area. Natural Bridges National Monument at the eastern 
boundary of the area receives an annual average precipitation of 
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about 38 cm (15 inches), while Hite Ranger Station at the western 
boundary of the study area receives an annual average of only 
about 23 cm (9 inches). Distribution of precipitation is 
seasonal, although the monthly rainfall from year to year is 
highly variable. Generally fall and winter are the wettest 
seasons, while spring and summer are the dryest. June, July, and 
August are the hottest months of the year. Maximum temperatures 
during this period commonly exceed 40°C (104°F). December and 
January are the coldest months with minimum temperatures commonly 
reaching -12°c (10°F) at night (National Climatic Data Center 
1979-1984). 
Comparison of Red and White Canyon Areas 
The Red Canyon-White Canyon area provided a suitable place 
to compare behavioral differences between subpopulations of 
desert bighorn. The two areas, though not identical, have 
similar topographic and vegetation characteristics. Both areas 
are extremely rugged and are characterized by steep broken 
terrain. Areas of high visibility are available as wel 1 as areas 
of low visibility due to dense vegetation and broken terrain. 
All previously described topographic and vegetation types are 
found in both areas, though not in the same proportions. The Red 
Canyon area (233 km2) is dominated by steep Chinle talus slopes 
vegetated predominantly with shadscale-ephedra-galleta grass 
communities. The \-Jhite Canyon area (259 km2) is dominated by 
Moenkopi, Chinle, and Organ Rock talus slopes covered largely 
with pinyon pine-Utah juniper communities and to a lesser extent 
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shadscale-ephedra-gal !eta grass communities. Flat areas in both 
canyons are dominated by blackbrush-galleta grass vegetation, and 
pinyon pine-Utah juniper vegetation increases in importance 
moving eastward through both areas as well. 
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Annual average group size in the two areas is virtually the 
same. Red Canyon average group size of 7.5 (n = 134, range= 1-23) 
and White Canyon average group size of 7 .4 (n = 139, range = 1-20). 
Reproductive rates, herd composition, and physical 
characteristics of both herds are also comparable (unpublished 
data of personal observations). 
Several human activities occur in both areas as well. 
Cattle are grazed in both areas during winter. Grazing 
privileges in Red Canyon are restricted to every other year, 
however, trespass animals were in the study area every year 
during the study. Cattle grazing is permitted in the White 
Canyon area every year. Helicopter flights are made in 
essentially equal proportions in both areas. A majority of the 
helicopter flights in the area are made during bighorn sheep 
surveys conducted by the Utah Division of Wildlife Resources each 
fall. All areas of both canyons have been sampled for the past 
15 years under this program. Sheep are exposed to boats in both 
areas, often several hundred each year as rafters float the 
Colorado River and boaters explore the many side canyons of Lake 
Powe 11 • 
Mining activities have been common in both areas. During 
the uranium boom of the 19501s and 19601s, extensive mineral 
exploration and mining took place in both areas. However, due to 
the unfavorable market for uranium for the past several years, 
mining was virtually nonexistent in either area during the course 
of the study. Small amounts of mineral exploration did occur in 
both areas, but the disturbance to the area was minimal. 
Although Red and White Canyons receive relatively little 
vehicular traffic, differences between the two areas are 
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apparent. Utah Highway 95 roughly bisects the White Canyon study 
area, and although many vehicles travel on the highway, areas 
actually occupied by desert bighorn in Red Canyon are more likely 
to receive vehicular traffic than in White Canyon. Roads in the 
White Canyon area through desert bighorn habitat are very rugged 
and are generally accessible only with 4-wheel drive vehicles, 
whereas three improved roads in the Red Canyon area are 
maintained by San Juan County each year to allow better access 
into the area, specifically to Lake Powell. This is evident by 
the average number of vehicles encountered by the author per 
visit into the two areas. Average number of vehicles encountered 
per visit in the Red Canyon area was 1.7 (n = 142, range= 0-30), 
whereas average number of vehicles encountered per trip in the 
White Canyon area was 0.3 (n = 156, range = 0-4). Most human 
activity in the area occurs during the spring and fall when 
weather conditions are favorable for recreational activities. 
Hunting pressure in the two areas is considerably different. 
Red Canyon has been a popular area for bighorn hunters since 1967 
with the exception of 1973 and 1974 when no legal hunts were 
held, whereas White Canyon has received little hunting pressure 
during that time. This is primarily due to habitat use patterns 
by mature rams in both areas. Mature rams are not generally 
found in the White Canyon area during the hunting season, while 
they are found in the Red Canyon area during that time. Sexes 
are spatially segregated throughout the year with the exception 
of the breeding season similar to several other large ungulates 
(Geist and Petocz 1977, McCullough 1979, Franklin and Lieb 1980, 
King and Smith 1980, Morgantini and Hudson 1981, Clutton-Brock et 
al. 1982, Bowyer 1984 ). The hunting season takes pl ace 
immediately prior to the breeding season so ewes and rams are 
segregated. However, in Red Canyon during the last few days of 
the general hunting season young, but legal, rams move into ewe 
groups. As a result several rams have been killed in the company 
of ewes and lambs in the Red Canyon area during the course of the 
study. Since the inception of the desert bighorn hunt in Utah in 
1967, approximately 46 rams have been killed in the Red Canyon 
area. In contrast, only eight rams have been killed in the White 
Canyon area, six of which were killed prior to or during 1970. 
During the 1981, 1982, and 1983 desert bighorn hunts, an average 
of 105 hunter days per season (number of hunters and their non-
hunting companions times the number of days in the field) was 
spent by hunters in the Red Canyon area compared to an average of 
only five hunter days in the White Canyon area. 
The observed differences between the two areas with respect 
to vehicular traffic and hunting pressure are significant enough 
to make predictions about the behavioral differences between Red 
and White Canyon bighorn when exposed to harassing stimuli. Red 
Canyon was designated as the disturbed site based on the 
relatively high vehicular traffic and heavy hunting pressure and 
the White Canyon area was designated as the undisturbed site 
based on lower levels of vehicular traffic and hunting pressure. 
Based on these assumptions it was predicted that Red Canyon 
animals should be more wary and respond more severely than White 




As part of a long-term study on the ecology of desert 
bighorn sheep in southeastern Utah by Utah State University, the 
Bureau of Land Management, and the Utah Division of Wildlife 
Resources, nine desert bighorn were collared in the Red Canyon 
area and ten were collared in the White Canyon area from 1981-
1983. Desert bighorn were captured by drug immobilization (M99) 
from a helicopter or by hazing animals into tangle nets with a 
helicopter (King and Workman 1982, 1983). Once captured, desert 
bighorn were fitted with radio collars (Telonics Inc., Mesa, 
Arizona) and released. To facilitate efficient data collection, 
these animals and their associates were used to evaluate the 
effects of harassment on bighorn because they could be located 
quickly and observed for extended periods of time. 
Behavioral data were collected over a 19-month period from 
October 1981 through December 1981 and June 1982 through 
September 1983. A total of 2480 hours was spent observing desert 
bighorn behavior during that time. Observations were made during 
all daylight hours and in all calendar seasons with 10 x 50 
binoculars and a 15-60 x spotting scope. Behaviors were 
monitored utilizing scan and focal animal sampling techniques 
(Altmann 1974) so that number of individuals participating in and 
actual time spent in various behaviors could be recorded (see 




To compare immediate response and distance fled between 
disturbed bighorn (Red Canyon animals) and relatively undisturbed 
bighorn (White Canyon animals), it was necessary to deliberately 
harass bighorn and monitor their response. Hikers and vehicles, 
the most likely disturbances to be encountered by desert bighorn, 
were the only harassment stimuli considered. When possible, desert 
bighorn were located and observed from great distances so they 
were not aware of the researcher's presence. Once initial 
behavior was recorded, bighorn were approached on foot or by 
vehicle until they became aware of the harassing stimulus at 
which time the researcher held his position. An attempt was made 
conduct all harassment trials in a consistent fashion, however, 
clothes worn by the researcher and vehicles used differed 
throughout the study. Because there were several occaisions when 
bighorn and researcher became aware of each other's presence 
simultaneously, a reaction distance (distance at which bighorn 
became aware of harassment) was recorded so responses at 
different distances could be compared between areas. Desert 
bighorn reaction was recorded as one of the four following 
response categories based on how the majority of the harassed 
group reacted: 
Slight Interruption: bighorn interrupt their behavior, 
exhibit attention, but return to original behavior; may 
exhibit infrequent attention behavior subsequently. 
Considerable Interruption: bighorn terminate their 
behavior, exhibit attention, initiate new behavior; 
interrupted frequently with attention behavior. 
Walking Flight: bighorn terminate their behavior, 
immediately walk away from harassing stimuli or exhibit 
attention and then walk away. 
Running Flight: bighorn terminate their behavior, 
immediately run away from harassing stimuli or exhibit 
attention and then run away. 
Two further categories were defined for convenience in 
analysis and discussion of data: 
Flight: includes walking flight and running flight 
categories. 
Non-flight: behavioral responses other than flight, 
includes slight interruption, and considerable 
interruption response categories. 
Distances fled by harassed bighorn were estimated visually 
or from 15° quad topographic maps. Flight responses were 
considered terminated when the majority of group initiated a 
behavior other than flight (e.g. feeding, lying, social behavior, 
etc.) or until the group was no longer visible. 
For each harassment trial the following independent variables 
with their respective levels were recorded: 
Area: Red Canyon, White Canyon 
Disturbance Type: Hiker, Vehicle 
Reaction Distance: 0-100 m, 101-200 m, 201-400 m, > 400 m 
Approach Position: Above, Level, Below (position of the 
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harassing stimulus relative to the bighorn) 
Season: Winter, Spring, Summer, Fall (calendar seasons) 
Habitat Type: Chinle talus, Moenkopi talus (only types 
considered in analysis) 
Group Composition: ewe (ewes+ lambs+ rams; yearling to 
three years old), mixed (ewes+ rams; > three years 
old), ram (any age rams) 
Group Size: 1, 2-7, > 7 
Initial Behavior: Lying, Standing, Feeding (only categories 
used in analysis; behavior of bighorn at the time of 
harassment) 
Activity Budget and Group Wariness 
In order to evaluate changes in activity budgets as a result 
of human disturbance, bighorn behavior was monitored after the 
initial harassment while individuals remained in the presence 
of the harassing stimuli. Desert bighorn in both areas were also 
observed under unharassed conditions (bighorn not in presence of 
any human disturbance) so comparisons could also be made between 
areas under those conditions. 
Once a bighorn group was located, a focal animal was 
selected and observed for a 15-minute period during which actual 
time engaged in all behavioral categories was recorded. At the 
end of the 15-minute period, a new focal animal was selected and 
the process was repeated. At five-minute intervals during the 
focal-animal-sampling-period all members of the group were 
scanned and the number of individuals engaged in each activity 
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was recorded. When bighorn were being observed under harassed 
conditions, no attempt was made by the researcher to remain 
motionless. 
The same independent variables that were recorded for 
immediate response analyses were recorded for activity budget 
analyses with the following exceptions. Approach position was 
changed to disturbance position (above, level, below) because the 
harassing stimulus made no approach but remained stationary. 
Reaction distance was changed to distance to disturbance (0-100 
m, 101-200 m, 201-400 m, > 400 m) because the harassing stimulus 
was fixed but bighorn often moved between distance categories. 
Disturbance type was modified to include harassed conditions 
(vehicle and hiker harassment instances were combined) and 
unharassed conditions (bighorn unaware of any unharassing 
stimuli. Initial behavior was not considered. 
Group wariness was monitored to determine comparitiv~ 
wariness of Red and White Canyon bighorn by scanning individual 
group members at five minute intervals after the initial 
harassment and recording the number of animals at attention or 
engaged in flight behavior relative to non-flight behaviors. 
Description of Behaviors 
The following behaviors were monitored through the course 
of the study: 
Attention: a category expanded to include both alarm and 
'"' cu
attention postures defined by Geist (1971b), characterized 
by raised head, rigid tense steps, stamping ground, sudden 
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freezing of movement, ears perked forward, body generally 
oriented toward line of sight, can occur while standing or 
lying. 
Lying: characterized by sheep lying down with head down or 
up, rumination may be concurrent. 
Standing: standing with head up, looking around, but not at 
attention. 
Walking: movement from one place to another, head up, 
excluding feeding behavior, includes movement after disturbance. 
Running: rapid movement from one place to another, includes 
flight after disturbance. 
Feeding: browsing, chewing, walking between food items with 
head down searching for food (Berger et al. 1983). 
Social Behavior: includes reproductive behavior, dominance 
and agressive behavior, nuzzling, and other contact behaviors 
(Geist 1971b). 
Group Wariness: number of animals engaged in attention or 
flight behaviors as result of harassment. 
Drinking, body care, play, and mother-young behaviors were 
also recorded but those behaviors made up such a small fraction 
of the entire behavioral budget that they were not included in 
the analyses. 
Statistical Comparisons 
Data were analyzed with several statistical procedures. 
Immediate response to harassment and activity budgets with 
respect to number of individuals participating in various 
behaviors were analyzed by simple Chi-square tests and a 
multivariate categorical data analysis technique based on 
Goodman's log-linear models (Fienberg 1977). At-test based on 
the arcsin transformation (Sokal and Rohlf 1969) was used to test 
the equality of proportions when significance was found during 
categorical data analysis. 
Distance fled in response to harassment and activity budgets 
based on actual time spent in various behaviors were analyzed by 
analysis of variance techniques for unbalanced designs (Bryce 
1970) and differences between means were compared by Fisher' LSD 
procedures (Steel and Torrie 1980). Differences in group 
wariness between areas and through time were determined using a 
binomial Chi-square technique (Cochran and Cox 1957). The 0.05 
level was selected as the level of statistical significance. 
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RESULTS 
Immediate Behavioral Response 
Immediate behavioral response by desert bighorn sheep to 
human harassment was compared between Red and White Canyon areas. 
Differences between areas were compared with respect to 
disturbance type (vehicles, hikers), reaction distance (0-lOOm, 
101-200m, 201-400m, > 400m), approach position of the harassing 
stimulus (above, level, below), season (winter, spring, summer, 
fall), habiat type (Chinle talus, Moenkopi talus), group 
composition (ewes, mixed, rams), group size (1, 2-7,> 7), and 
initial behavior of bighorn at the time of harassment (lying, 
standing, feeding). Results of these comparisons are summarized 
in Table 1 (Appendix A). 
Disturbance Type 
Response to hiker harassment by desert bighorn was 
significantly different between Red and White Canyons (X2=41.9, 
df=3, P<0.005). Red Canyon bighorn responded most frequently to 
harassment with running flight (response category 4), whereas 
the most common response by White Canyon bighorn was remaining in 
the presence of harassing stimuli with 01.ly slight interruption 
in behavior (response category 1). 
There was no significant difference in immediate behavioral 
response between Red and White Canyon desert bighorn after 
harassment by vehicles (X2=7.0, df=3, P<0.10). However the 
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relatively low probability value is suggestive of more severe 
reactions by Red Canyon bighorn to vehicular harassment (Figure 3). 
Reaction Distance 
Significant differences in response by bighorn between Red 
and White Canyons were found when bighorn first became aware of 
harassing stimuli in the 0-lOOm (X2=18.0, df=3, P<0.005) and 
101-200m (X2=30.5, df=3, P<0.005) categories. No significant 
differences in behavioral response were found between Red and 
White Canyon bighorn in the 201-400m (X2=5.6, df=3, P>0.10) and> 
400m (X2=5.2, df=3, P>0.10) categories. For reaction distances 
of 0-200m, Red Canyon bighorn responded to harassment most 
frequently with flight responses whereas non-flight and flight 
responses were approximately equal by White Canyon bighorn (Figure 4). 
Approach Position 
Bighorn response to harassment was significantly different 
between Red and White Canyon areas with respect to all three 
approach postions (above x2=8.4, df=3, P<0.05; level x2=37.0, 
df=3, P<0.005; below x2=8.4, df=3, P<0.05). Red Canyon bighorn 
responded most frequently with flight responses whereas non-
flight and flight responses were approximately equal by White 
Canyon bighorn (Figure 5). 
Season 
With the exception of winter (X2=1.0, df=3, P>0.10) when 
sample sizes were small, Red and White Canyon bighorn responded 
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Figure 3. Comparison of im~ediate response by Red and White Canyon 
desert bighorn to harassment by vehicles and hikers. 
Response category: l=slight interruption, 2=moderate 
interuption, 3=walking flight, 4=running flight. 
Different numerals indicate siqnificant differences 
(P<0.05) between areas within-response categories, 
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Figure 4. Comparison of immediate response by Red and \·lhite Canyon 
desert bighorn to harassment at various reaction distances. 
Response category: l=slight response, 2=moderate response, 
3=walking flight, 4=running flight. Different numerals 
indicate significant differences (P<0.05) between areas 
within response categories, different letters indicate 
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Figure 5. Comparison of immediate response by Red and White Canyon desert bighorn to harassment 
at various approach positions. Response category: l=slight interruption, 2=moderate 
interruption, 3=walking flight, 4=running flight. Different numerals indicate 
significant differences (P<0.05) between areas within response categories, different 
letters indicate significant differences among response categories within areas, 
2°=significance at P=0.10. 
w 
U7 
df=3, P<0.01), summer (X2=16.3, df=3, P<0.005), and fall 
(X2=18.3, df=3, P<0.005) flight responses were most common by Red 
Canyon bighorn whereas non-flight responses were approximately 
equal to or more common than flight responses by White Canyon 
bighorn (Figure 6). 
Habitat Type 
Several habitat types are available in both areas, however 
Chinle talus and Moenkopi talus were the only habitat types that 
received enough use by bighorn in both areas to make adequate 
statistical comparisons. Response to harassment by Red and 
White Canyon bighorn was significantly different in Chinle talus 
areas (X2=35.5, df=3, P<0.005). Red Canyon bighorn exhibited 
flight behavior most often whereas White Canyon bighorn responded 
most frequently with non-flight behaviors. Sample sizes for 
Moenkopi talus were small and response by bighorn in Red and 
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White Canyon areas was not statistically different (X2=5.3, df=3, 
P>0.10). However, the trend was similar to responses in Chinle talus 
(Figure 7). 
Group Composition 
Immediate behavioral response by Red and White Canyon 
bighorn was significantly different for ewe groups (X2=20.6, df=3, 
P<0.005), mixed groups (X2=8.8, df=3, P<0.05), and ram groups 
~X2=14.8, df=3, P<0.005). With the exception of ram groups, 
White Canyon group types responded most frequently with non-flight 
behaviors. White Canyon ram groups responded more frequently 
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Figure 6. Comparison of immediate response by Red and vJhite Canyon 
desert bighorn to harassment with respect to season. 
Response category: l=slight interruption, 2=moderate 
interruption, 3=walking flight, 4=running flight. Different 
numerals indicate significant differences (r<0.05) between 
areas within response categories, different letters indicate 
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Figure 7. Comparison of immediate response by Red and Hhite Canyon 
desert bighorn to harassment with respect to habitat type. 
Response category: l=slight interruption, 2=moderate 
interruption, 3=walking flight, 4=running flight. Different 
numerals indicate significant differences (P<0.05) between 
areas within response categories, different letters indicate 
significant differences among response categories within 
areas. 
of walking flight (response category 3). Running flight 
(response category 4) occurred significantly more often in Red 
Canyon than White Canyon (P<0.05). Flight responses were most 
common for all Red Canyon group types (Figure 8). 
Group Size 
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Solitary individuals in Red and White Canyon areas did not 
respond differently as a result of harassment (X2=5.6, df=3, 
P>0.10). Solitary animals from both areas exhibited flight 
responses most often when harassed. Groups of two to seven 
animals (X2=30.7, df=3, P<0.005) and groups of more than seven 
animals (X2=9.7, df=3, P<0.025) responded differently between 
areas. Flight responses were most common in Red Canyon whereas in 
White Canyon non-flight responses were approximately equal to or 
more common than flight responses (Figure 9). 
Initial Behavior 
Sample size for response when standing was the initial 
behavior at the time of harassment was small and the difference 
between Red and White Canyons was not significant (X2=1.7, df=3, 
P>0.10). However, differences between Red Canyon and White 
Canyon bighorn when lying (X2=11.7, df=3, P<0.01) and feeding 
(X2=22.2, df=3, P<0.005) were the initial behaviors were 
significantly different. Flight responses were most common for 
both areas when lying was the initial behavior, however, frequency 
of running flight (response category 4) was significantly greater 
for Red Canyon bighorn than White Canyon bighorn (P<0.05). 
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Figure 8. Comparison of immediate response by Red and White Canyon desert bighorn with respect to 
group type. Response category: l=slight interruption, 2=moderate interruption, 3=walking 
flight, 4=running flight. Different numerals indicate significant differences (P<0.05) 
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Figure 9. Comparison of immediate response by Red and White Canyon desert bighorn with respect to 
group size. Response category: l=slight interruption, 2=moderate interruption, 3= walking 
flight, 4=running flight. Different numerals indicate significant differences (P< □ .05) 
between areas within response categories, different letters indicate significant 
differences among response cate9ories, 2°=significance at P=0.10. 
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>-' 
interruption in behavior (response category 1) occurred 
significantly more often for White Canyon bighorn than Red Canyon 
bighorn (P<0.05). When feeding was the initial behavior, flight 
responses occurred most frequently in Red Canyon, whereas in 
42 
White Canyon non-flight responses occurred most often (Figure 10). 
Distance Fled 
Average distance fled by harassed desert bighorn was 
compared between Red and White Canyon areas. Red Canyon bighorn 
fled significantly farther than White Canyon bighorn after 
harassment with respect to disturbance type, approach 
position, reaction distance, season, habitat type, group 
composition, group size, and initial behavior. Results of 
analysis of variance for these relationships are summarized in 
Table 2 (Appendix B). In all cases, average distance fled by Red 
Canyon bighorn was significantly greater than average distance 
fled by White Canyon bighorn (Taole 3, Appendix 8). There were 
no significant interactions between area and any of the other 
independent variables indicating Red Canyon bighorn fled 
consistently farther than White Canyon bighorn regardless of 
independent variable levels. 
The above analysis of average distance fled considered all 
response categories including non-flight categories. This gave 
an estimate of distance moved for every bighorn-human 
interaction. However, averages therefore included distances of 
zero if animals did not walk or run away from the harassment. 
To determine real differences in average distance fled, only 
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Figure 10. Comparison of immediate response by Red and Hhite Canyon desert bighorn with 1~espect to 
initial behavior. Response category: l=slight interruption, 2=moderate interruption, 3= 
walking flight, 4=running flight. Different numerals indicate significant differences 
(P<0.05) between areas within response categories, different letters indicate significant 
differences among response categories within areas. 
harassment trials that resulted in flight (response categories 3 
and 4) were considered separately. This analysis indicated the 
same trend as when all response categories were considered 
(Tables 2-3). 
Disturbance Type 
Average distance fled with respect to disturbance type was 
significantly different between Red and White Canyon bighorn. 
Red Canyon bighorn fled farther than White Canyon bighorn for 
hiker and vehicle harassment trials when all response categories 
as well as when only flight categories were evaluated. 
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When all response categories were considered, Red Canyon 
bighorn fled farther when harassed by hikers than by vehicles but 
distance fled by White Canyon bighorn was not different with respect 
to hikers or vehicles. When only flight responses were considered, 
there were no significant differences in average distance fled 
when harassment was by hikers or vehicles in either area (Figure 11). 
Reaction Distance 
Bighorn were harassed from various reaction distances in 
both Red and White Canyon areas. When all response categories 
were considered Red Canyon bighorn fled significantly farther 
than White Canyon bighorn except when reaction of bighorn to 
harassment occurred at distances> 400 m. When only flight 
responses were CLnsidered, Red Canyon bighorn fled significantly 
farther than White Canyon bighorn only at reaction distances of< 
200 m. Sample sizes for reaction distances> 200 m were small, 
particularly for White Canyon. 
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Figure ll. Average distance fled (m) by harassed Red and White Canyon 
bighorn with respect to disturbance type. All response 
categories as well as flight responses only considered. 
Different numerals indicate significant differences 
(P>0.05) between areas within disturbance types, 
different letters indicate significant differences among 
disturbance types within areas. 
When all response categories were considered, mean distance 
fled was not significantly different for Red Canyon bighorn among 
reaction distances except that average distance fled when animals 
were harassed at distances greater than 400 m was less than 
distance fled when animals were harassed at distances less than 
200 m. When flight responses only were considered there was no 
difference in distance fled among reaction distances. There were 
no differences in average distance fled for White Canyon bighorn 
at any reaction distance when all response categories or flight 
responses only were considered (Figure 12). 
Approach Position 
Average distance fled by Red and White Canyon bighorn 
differed significantly with respect to approach position of 
harassing stimuli. For all approach positions (above, level, 
below) Red Canyon bighorn fled significantly farther than White 
Canyon bighorn when all response categories were considered as 
well as when only flight responses were considered. There were 
no differences in average distance fled among approach postions 
for either area when all response categories or flight responses 
only were considered (Figure 13). 
Season 
When all response categories as wel 1 as only flight 
categories were evaluated, Red Canyon bighorn fled farther than 
White Canyon bighorn in all seasons except winter when no 
differences could be detected between areas. There were no 
differences in average distance fled by White Canyon in any 
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Figure 12. Average distance fled (m) by harassed Red and \-Jhite Canyon 
bighorn with respect to reaction distance. All response 
categories as well as flight responses only considered. 
Different numerals indicate significant differences 
(P>0.05) between areas within reaction distances, 
different letters indicate significant differences among 
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season, whereas Red Canyon bighorn fled farther during spring 
than in winter but summer and fall were not different than were 
not different than winter or spring when all response categories 
were considered. When only flight responses were analyzed there 
were no differences in distance fled among seasons in either area 
(Figure 14). 
Habitat Type 
Average distance fled by Red and White Canyon bighorn was 
compared for Chinle talus and Moenkopi talus habitat types. 
Common use of other types was not extensive enough for 
comparison. When all response categories were considered, Red 
Canyon bighorn harassed in the Chinle talus fled farther relative 
to White Canyon bighorn harassed in Chinle talus. Only small 
sample sizes were available for the Moenkopi talus type and mean 
distances fled by Red and White Canyon bighorn were not different. 
When only flight responses were treated, there were no 
significant differences between Red Canyon and White Canyon 
bighorn in Moenkopi talus but average distance fled was greater 
for Red Canyon bighorn in Chinle talus than for White Canyon 
bighorn (Figure 15). 
There were no differences in distance fled among habitat 
types for either area when all response categories or flight 
responses only were considered. 
Group Composition 
Red Canyon ram, ewe, and mixed groups fled significantly 
farther than White Canyon groups when all response categories as 
49 
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well as when only flight responses were analyzed. There were no 
differences in distance fled among groups within areas in either 
case (Figure 16). 
Group Size 
All size categories of Red Canyon groups fled significantly 
farther than White Canyon groups of corresponding size when all 
response categories were considered and there were no differences 
among groups within areas. When only flight responses were 
evaluated, average distance fled by medium and large groups was 
greater for Red Canyon bighorn than White Canyon bighorn but 
average distance fled by solitary animals in Red and White 
Canyons was not different. However, sample sizes were small for 
solitary animals and the trend is similar to the comparison of 
all response categories. There were no differences in distance 
fled among groups within areas in either case (Figure 17). 
Initial Behavior 
When all response categories were considered Red Canyon 
bighorn fled farther than White Canyon bighorn when initial 
behavior was standing, lying, or feeding. Red Canyon animals 
fled farther when they were harassed while engaged in lying or 
standing than if harassed when feeding. Average distances fled 
by White Canyon bighorn were not different regardless whether 
harassment trials occurred while animals were lying, standing, or 
feeding (Figure 18). 
When only flight responses were considered, Red Canyon 
bighorn fled farther than White Canyon animals only when lying 
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Figure 16. Average distance fled (m) by harassed Red and White Lanyon 
bighorn with respect to group composition. All response 
categories as well as flight responses only considered. 
Different numerals indicate significant differences 
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Figure 18. Average distance fled (m) by harassed Red and White Canyon 
bighorn with respect to initial behavior. All response 
categories as well as flight responses only considered. 
Different numerals indicate significant differences 
(P>0.05) between areas within initial behaviors, different 
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and standing were initial behaviors at the time of harassment. 
Differences in average distance fled when feeding was the initial 
behavior were not significant between areas. Red Canyon bighorn 
fled farther when harassed while lying than when feeding but 
differences for lying and standing as well as standing and 
feeding were not significant. No differences were detected in 
average distance fled when harassment took place during any 
initial behavior categories for White Canyon bighorn (Figure 18). 
Group Wariness 
Group wariness (proportion of animals per group engaged in 
attention and/or flight behaviors at five-minute intervals after 
harassment) was evaluated with a binomial x2 analysis. 
Results of this test are summarized in Tables 4-5 (Appendix C). 
Ram groups (area x2=91.5, df=l, P<0.005; ti me x2=101.0, df=l2, 
P<0.005; area X time x2=23.l, df=l2, P<0.05) and evJe groups (area 
x2=569.5, df=l, P<0.005; time x2=593.0, df=l2, P<0.005; area X 
time x2=143.4, df=l2, P<0.005) were significantly different with 
respect to area and time and there was a significant two-way 
interaction between area and time for both group types indicating 
that the relationship between area and group wariness changed 
through time. For both ram and ewe group types, Red Canyon 
animals were more wary than White Canyon animals and the 
proportion of animals exhibiting wariness behavior decreased 
through time in both areas. Initially a greater proportion of 
Red Canyon ewes were either fleeing or at attention than White 
Canyon ewes and through time a higher proportion of Red Canyon 
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ewes remained at attention than White Canyon ewes (Figure 19). 
The proportion of Red and White Canyon rams at attention or 
fleeing was high immediately after harassment, however, through 
time the percentage of White Canyon rams at attention declined 
more rapidly relative to Red Canyon rams (Figure 20). 
Differences in group wariness for Red and White Canyon mixed 
groups (area x2=178.l, df=l, P<0.005; time x2=509.4, df=l2, 
P<0.005; area X time x2=14.9, df=l2, P>0.10) were significant 
between areas and through time. A greater percentage of Red 
Canyon bighorn were engaged in attention or flight behaviors than 
White Canyon bighorn. Significantly more bighorn were engaged in 
wariness activities immediately after harassment compared to 
several minutes after the disturbance occurred in both Red and 
White Canyon areas. However, there was no significant 
interaction between area and time for mixed groups indicating 
that group wariness is consistently greater in Red Canyon groups 
than in White Canyon groups at all five-minute intervals after 
harassment (Figure 21). 
Activity Budget 
Actual Time 
Activity budget of desert bighorn sheep based on actual time 
engaged in each behavior was compared between Red and White 
57 
Canyon areas in winter, spring, and summer under harassed (combination 
of hiker and vehicle disturbances) and unharassed conditions 
(Figures 22-25). No comparisons were made for fall because io 
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Figure 23. Spring activity budget of Red and White Canyon bighorn under harassed and unharassed 
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Figure 24. Summer activity budget of Red and White Canyon bighorn under harassed and unharassed 































Figure 25. Fall activity budget of Red and ~lhite Canyon bighorn under harassed and unharassed 
conditions. Percentages based on mean time per 15 minute observation period each 
behavior contributed. 
conditions. Because of the interest in comparing behavior in 
response to harassment between areas and among seasons the 3-way 
interaction between area, season, and disturbance level, was 
particularly meaningful. Only attention, feeding, and standing 
behaviors had significant 3-way interaction#. The results of 
analysis of variance of the main effects of area, disturbance 
level, and season on attention, feeding, and standing are 
summarized in Table 6 (Appendix D). Data for all behaviors are 
summarized in Table 7 (Appendix D). 
When attention behavior was evaluated there was a 
significant 3-way interaction between area, disturbance, and 
season (F=3.39, df=l,591, P<0.05) indicating that seasonal 
effects of harassment on amount of time spent in attention 
behavior was dependent on area (Figure 26). During winter both 
Red and White Canyon bighorn spent more time in attention 
behavior under harassed conditions than under unharassed 
conditions, however diffenences in amount of time spent at 
attention between Red and White Canyon bighorn for harassed and 
unharassed conditions were not significant. 
During spring, bighorn from both areas spent more time in 
attention behavior when harassed than when unharassed. However, 
Red Canyon bighorn spent significantly more time at attention 
than White Canyon bighorn under harassed conditions. Differences 
between areas under unharassed conditions were not significant. 
During summer, Red Canyon bighorn spent more time engaged in 
attention behavior when harassed than when unharassed. White 
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Figure 26. Seasonal comparison of attention behavior by Red and White 
Canyon bighorn under harassed and unharassed conditions. 
Different numerals indicate significant differences 
(P<0.05) between areas within harassment levels (H= 
harassed, U=unharassed), different letters indicate 
significant differences among harassment levels within 
areas. 
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\~hen harassed compared to when they were unharassed. Red Canyon 
bighorn spent significantly more time engaged in attention 
behavior than White Canyon bighorn under harassed conditions, but 
there was no significant difference between the two areas under 
unharassed conditions. 
No statistical comparisons were made for fall because no 
observations were made in White Canyon under unharassed 
conditions. However, average time spent at attention under 
harassed conditions was identical in the two areas. Average time 
spent at attention by harassed bighorn was lowest during fall for 
both areas. 
G7 
No significant differences in time spent at attention between 
seasons under harassed or unharassed conditions were detected for 
White Canyon bighorn. Red Canyon bighorn spent significantly 
more time at attention in spring and summer than for winter and 
apparently fall under harassed conditions, but there were no 
differences between seasons under unharassed conditions. 
When feeding behavior was considered, there was a 
significant 3-way interaction between area, disturbance level, 
and season (F=4.l, df=3,591, P<0.05) indicating that seasonal 
effects of harassment on amount of time spent feeding by bighorn 
was dependent on area. During winter and spring, there were no 
differences between Red and White Canyon bighorn in amount of 
time spent feeding under harassed or unharassed conditions. In 
winter and spring in both Red and White Canyons, harassed animals 
fed significantly less than unharassed animals. 
During summer, harassed Red Canyon bighorn spent significantly 
less time feeding than harassed White Canyon animals, but Red 
Canyon bighorn fed significantly more than White Canyon bighorn 
under unharassed conditions. Harassed Red Canyon bighorn fed 
significantly less than unharassed animals, however, in White 
Canyon there was no difference in average feeding time between 
harassed and unharassed animals. 
No statistical comparisons were made for fall because White 
Canyon bighorn were not observed under unharassed conditions, but 
a trend similar to summer was apparent. Red Canyon bighorn fed 
less when harassed than when unharassed and apparently fed less 
than harassed White Canyon bighorn. 
Amount of time spent feeding by harassed Red Canyon bighorn 
was significantly less in spring and summer than winter. 
Unharassed Red Canyon animals spent less time feeding in spring 
than either winter or summer. Amount of time spent feeding by 
harassed White Canyon bighorn was not different in any season, 
nor was amount of time spent feeding by unharassed White Canyon 
bighorn different in any season (Figure 27). 
When standing was considered, a 3-way interaction was found 
between area, disturbance level, and season (F=3.32, df=2, 
P<0.05) indicating that seasonal effects of harassment on amount of 
time spent standing was dependent on area. The general trend is 
reduced amount of time spent standing when animals are harassed 
relative to when they are unharassed (Table 7). This 1s not 
surprising since attention may occur while bighorn are standing 
or lying. Reduction in time spent standing is no doubt absorbed 
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Figure 27. Seasonal comparison of feeding behavior by Red anci \lhite 
Canyon bighorn under harassed and unharassed conditions. 
Different numerals indicate significant differences 
(P<0.05) between areas v1ithin harassment levels (H= 
harassed, U=unharassed), different letters indicate 
significant differences among harassment levels within 
areas. 
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significant, a similar trend exists for lying behavior as well. 
Number of Animals 
Differences in activity budget between areas were also 
evaluated by determining number of desert bighorn engaged in 
each of the seven previously described behaviors in all seasons 
under harassed and unharassed conditions (Figures 28-31). 
Categorical data analysis for each season revealed a significant 
3-way interaction between area, disturbance level, and behavior 
suggesting that the effect of harassment on behavior was 
dependent on area (winter x2=118.3, df=6, P<0.005; spring 
x2=29.9, df=6, P<0.005; summer x2=186.5, df=6, P<0.005; fall 
x2=152.7, df=6, P<0.005). Data are sumarized in Table 8 
(Appendix D). 
Because sample sizes were extremely large, statistical 
significance was apparent in comparisons where often only a one 
to two percent difference between areas was observed. Although 
statistically significant, these differences may not be of much 
biological significance. Trends are similar to those suggested 
by analysis of actual time spent in various behaviors. 
Attention, feeding, and lying behaviors showed greatest 
deviations when comparing Red and White Canyon bighorn under 
harassed and unharassed conditions. 
During winter there was little difference in percentage of 
individuals engaged in attention behavior in Red and White 
Canyons regardless of disturbance level. In both areas 
harassment caused a significant increase in the proportion of 















RC/H RC/U WC/H 










Figure 28. Winter activity budget for Red and \·Jhite Canyon bighorn under harassed and unharassed 
conditions. Percentages based on number of animals engaged in each behavior at five 















RC/H RC/U WC/H 










Figure 29. Spring activity budget for Red and White Canyon bighorn under harassed and unharassed 
conditions. Percentages based on number of animals engaged in each behavior at five 
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Figure 30. SulTlller activity budget for Red and 1-Jhite Canyon bighorn under harassed and unharassed 
conditions. Percentages based on number of animals engaged in each behavior at five 
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Figure 31. Fall activity budget for Red and Hhite Canyon bighorn under harassed and unharassed conditions. Percentages based on number of animals engaged in each behavior at five 
minute scan intervals. 
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During spring, summer, and fa 11 a greater proportion of Red 
Canyon bighorn exhibit attention behavior when harassed than 
White Canyon bighorn under harassed conditions. Differences 
between the two areas when animals were unharassed were minimal. 
Bighorn in both areas appeared to be least sensitive to human 
harassment in fall as reflected by the relatively low proportion 
of bighorn engaged in attention behavior during harassment 
(Figure 32). 
Generally, a greater proportion of bighorn fed when 
unharrassed than when harassed in both areas. However, in White 
Canyon during winter and fall the proportion of animals feeding 
increased under conditions of harassment relative to when they 
were unharassed. In spring and fa 11 , the proportion of 
White Canyon animals feeding under harassment was greater than 
proportion of Red Canyon animals under the same conditions, 
however, for winter and summer differences between areas v1ere not 
significant (Figure 33). 
In all seasons, lying behavior occurred most often under 
unharassed conditions in both Red and White Canyon areas (Table 
8). Under harassed conditions, the proportion of animals lying 
dropped considerably. Since attention can occur while animals 
are either lying or standing, it can be expected that the 
proportion of animals lying will drop as those animals lying at 
attention are absorbed into the attention category. 
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Figure 32. Seasonal comparison of attention behavior by Red and Uhite 
bighorn under harassed and unharassed conditions. 
Different numerals indicate significant differences 
(P< 0. 05) between areas within harassment 1 evel s (H= 
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Figure 33. Seasonal comparison of feeding behavior by Red and 
White Canyon bighorn under harassed and unharassed 
conditions. Different numerals indicate significant 
differences (P<0.05) between areas within harassment 
levels (H=harassed, U=unharassed), different letters 
indicate signifjcant differences among harassment levels 
within areas, t = significance at P 0.10. 
DISCUSSION 
Wildlife and land management agencies have only recently 
taken an active role in assessing impacts humans have on wildlife 
populations. Recent research has addressed the issue of human 
impacts on bighorn sheep at several levels. Researchers 
have attempted to answer the question of how various human 
disturbances affect bighorn by field as well as laboratory 
experimentation. Most field studies have examined human impacts 
on bighorn as they affect behavior. Severity of behavioral 
response for various disturbance distances, approach positions, 
seasons, disturbance types, etc., has been determined in several 
areas. Heart rate telemetry studies have been conducted to 
determine what types of harassment stimuli illicit increases in 
cardiac response and presumably energy expenditure. Despite 
these advances there are many areas in which our knowledge is 
deficient regarding the influence of human disturbance on 
bighorn. This study adds information in two of those deficient 
areas. 
Prior to this study, no systematic investigation had been 
conducted to compare impacts of harassment in areas with 
contrasting disturbance histories and no attempt had been made to 
determine effects of harassment on activity budgets. This study 
incorporated the aspects of behavioral response as well as 
activity budgets in assessing the effects of harassment. 
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Review of Hypotheses 
Effects of human harassment on desert bighorn sheep were 
evaluated with respect to four null hypotheses that suggested 
there would be no significant behavioral differences between Red 
and White Canyon bighorn. Based on the results, all four are 
rejected. Bighorn behavior as a result of human harassment was 
different between Red and White Canyon areas. Red Canyon bighorn 
were more severely impacted by human harassment than White Canyon 
animals. This difference is attributable to contrasting patterns 
of human use in the two areas. 
Hypothesis one stated that immediate response by Red and 
White Canyon bighorn would not be different during harassment 
trials. However, when deliberately harassed, immediate response 
by desert bighorn differed significantly between Red and White 
Canyon bighorn. Red Canyon bighorn were more reactive than White 
Canyon bighorn when harassed and animals responded to harassment 
most often with flight responses. Contrastingly, White Canyon 
bighorn reacted most often with non-flight responses. This 
difference applied when immediate response was compared between 
areas with respect to disturbance type, reaction distance, 
approach position, season, habitat type, group composition, group 
size, and initial behavior. 
The second hypothesis stated that average distance fled 
by harassed bighorn would not differ between areas. 
However, average distance fled by Red Canyon bighorn was 
significantly greater than average distance fled by White Canyon 
bighorn as a result of harassment trials. Similar to the trend 
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for immediate response, average distance fled by Red and White 
Canyon bighorn differed significantly with respect to the same 
independent variables. 
Hypothesis three suggested that group wariness of harassed 
bighorn would not be different between areas. However, a greater 
proportion of Red Canyon bighorn exhibited wariness for longer 
periods of time than White Canyon animals while in the presence 
of harassing stimuli. 
The last hypothesis suggested that activity budget as 
determined by actual time spent by bighorn as well as number of 
animals engaged in various behaviors would not differ between Red 
and White Canyon areas. Significant differences in activity 
budgets were discovered between areas, particularly under 
harassed conditions. Feeding and attention behaviors were 
particularly affected when bighorn were subjected to harassment. 
Attention behavior occurred significantly more often and feeding 
occurred significantly less often in Red Canyon than in White 
Canyon under harassed conditions. 
Both methods used to determine activity budgets (actual time 
and number of animals) indicated significant differences in 
behavior of Red and White Canyon bighorn when subjected to 
harassment. Both methods provide useful information to wildlife 
and land managers. Although actual time data are more difficult 
to obtain, actual time spent by bighorn in each behavior category 
can be used to calculate energy budgets when adequate estimates 
of energy expended in corresponding behaviors are determined. 
Number of animals cannot be used in calculating time-energy 
budgets, but because of the ease of data collection they can be 
used readily to obtain relative estimates of disturbance levels 
in given populations. 
Energy-Nutrient Relationships 
The well-being of an animal in its environment is subject to 
energetic constraints (Moen 1973). Optimal use of habitat 
requires a high degree of awareness by animals. They are finely 
tuned to stimuli indicating the presence of food, conspecifics, 
predators, etc. However, if an animal is continually aroused, as 
from human disturbance, the added costs of excitement and escape 
may interfere with health, growth, reproductive fitness, and 
emotional welfare (Thompson 1957, Liddell 1961, Geist 1979). 
Therefore, it is necessary to understand the nature of energy 
requirements and energy expenditure patterns of animals so that 
harassment effects on energy balance can be predicted. 
Energy costs realized by wildlife as a result of human 
harassment are associated with increased excitement, avoidance or 
withdrawal response, and duration of response as measured by 
distance traveled or time engaged in an energy costly-response. 
Higher-than-natural excitement levels are contrary to long-term 
energy conservation adaptations that wildlife possess (Moen 1976). 
Expenditure of energy due to excitement is costly because 
metabolism is increased, thus competing for energy otherwise 
available for maintenance, reproduction, and growth (Blaxter 
1962, Geist 1971b). MacArthur et al. (1979,1982) demonstrated 
that heart rate of bighorn sheep increased as a result of various 
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harassment stimuli including approach by man, approach by man 
with dog, approach by man from over ridgetop, and approach by 
vehicle. They suggested that elevated heart rates were 
indicative of increased energy costs. Several studies show 
relatively strong correlation between heart rate and energy 
expenditure (Webster 1967, Brockway and McEwan 1969, Adams et al. 
1971, Holter et al. 1976, Moen 1978). However, caution must be 
used when assigning energy expenses based on heart rate telemetry 
studies as suggested by Robbins et al. (1979) and Mautz and Fair 
(1980) who found unreliable correlations between heart rate and 
energy expense. 
Costs of withdrawal from harassing stimuli are not well 
studied, but energy expense of various forms of locomotion have 
been documented for several ungulates. Energy costs increase 
linearly with speed (Gates and Hudson 1978, Robbins et al. 1979, 
Mautz and Fair 1980, Kautz et al. 1982, Parker et al. 1984). 
Walking away from disturbance is therefore less expensive than 
trotting, or running in more panicked flight. 
Costs of running increase with decreasing body size 
(Schmidt-Nielsen 1979). This relationship is particularly 
meaningful for young animals as they have higher energy costs per 
unit body \>./eight than adults (Chass in et al. 1976). 
Uphill or vertical locomotion is more energy consuming t'1an 
movement on the level (Brockway and Gessaman 1977, Parker et al. 
1984). Depending on the incline, uphill movement can increase 
energy costs as much as 21% over horizontal movements (Robbins et 
al. 1979). 
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Summing the costs of movement type, distance moved, and 
excitement can give a relative estimate of energy expense for 
individual harassment situations. It is intuitive that the more 
excited, the faster the flight, and the longer the duration of 
the flight response, the more energy will be expended. 
Given these relationships, and knowing what the response 
patterns of desert bighorn sheep in Red and White Canyons are, 
relative costs of harassment trials for each area can be 
estimated. Red Canyon bighorn responded most frequently in 
harassment trials by running away from the disturbance (61%). 
Average distance fled by Red Canyon bighorn when flight response 
was running was 1228 m. By comparison, running away from 
harassing stimuli by White Canyon bighorn occurred in only 26% of 
the harassment trials and the average distance fled was only 484 
m (Table 9, Appendix E). No energy costs of excitement can be 
added at this point because cardiac response was not monitored. 
However, based on response and distance fled it can be concluded 
that on the average, Red Canyon bighorn spend more energy during 
instances of harassment than White Canyon bighorn. 
This is particularly meaningful in light of the delicate 
energy balance that exists for most wildlife species. Animals 
must meet daily and seasonal needs for maintenance, growth, and 
reproduction through efficient exploitation of available foods 
(Robbins 1983). Generally animals optimze diet selection within 
energy, time, and bulk constraints (Schoener 1971, Westoby 1974, 
1978, Hainsworth and Wolf 1979). Disturbance that alters 
normal foraging and food processing patterns hinders the 
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efficiency with which animals assimilate energy. Therefore, it 
is important that animals maximize energy intake while minimizing 
energy expenditures. 
Such an optimization process is evident for many large 
ungulates especially in winter when they reduce foraging to 
presumably decrease activity and metabolism to live within a 
restricted energy budget (Chappel and Hudson 1978, Moen 1976, 
1978). Rocky Mountain bighorn and Stone's sheep (Q:._ dalli 
stonei) follow such a pattern as resting and feeding combined 
make up over 80% of the total activity budget (Geist 1971b). 
Ruminants are faced with a unique proolem with respect to 
energy balance in that rumen capacity represents a finite limit 
to the amount of nutrients available in a given time (Moen 1973). 
The digestive process of rumenation proceeds slowly to completion, 
particularly if high-fiber containing plants are consumed 
(Robbins 1983). If forage quality is poor, individuals must 
consume more to get adequate nutrients, but rumen capacity and 
processing time limit how much can be ingested and processed 
(Montgomery and Baumgardt 1965). In this regard larger 
individuals with correspondingly larger rumens are in a more 
favorable energetic state because more lower-quality forage can 
be successfully processed (Bell 1971, Van Soest 1981). Short 
(1964) suggested high winter mortality rates 0f deer fawns may be 
related to their relatively small stomach capacity and inability 
to metabolize energy rapidly enough to maintain necessary body 
heat. 
Energy-nutrient relationships for desert bighorn sheep are 
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subject to the same constraints as other wildlife species. 
Commonly they are forced to maximize energy intake and minimize 
energy expenditure on frequently marginal quality ranges. 
However, human disturbance causes significant alterations in 
activity budgets that may not allow maintenance energy 
requirements to be met. 
Harassed bighorn in both Red and White Canyon areas spend 
significantly more time engaged in attention behaviors and 
significantly less time feeding. With the exception of winter 
when amount of time spent at attention for Red and White Canyon 
bighorn was identical, Red Canyon bighorn under harassed 
conditions spent nearly twice as much time at attention as White 
Canyon bighorn (Table 6). During winter and spring, differences 
in amount of time spent feeding between Red and White Canyon 
bighorn under harassed conditions were not significant. However, 
during summer harassed Red Canyon bighorn spent significantly 
less time feeding than harassed White Canyon bighorn (Table 6). 
Reduction in feeding during summer appears particularly 
significant since summer is possibly the most nutritionally 
critical period for desert bigorn in southeastern Utah (Hull 
1984). During summer, protein and phosphorus levels are 
particularly low relative to requirements for lactating ewes and 
their young lambs. Ewes that are harassed will be forced to 
expend energy in avoidance behavior and divert energy away from 
lactation, itself an energy costly process (Moen 1981). Aside 
from increased energy lambs will be forced to expend in avoidance 
behavior, they may not be able to consume adequate nutrients given 
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their small rumen size and high energy requirements. Nutrients 
not received as a result of poor lactation will necessarily have 
to be gained through forage. However, they may not be able to 
process the relatively poor quality forage fast enough to 
compensate for energy and nutrient losses. This may lead to poor 
growth and development. Domestic sheep that were fed restricted 
diets failed to recover body condition compared to lambs that 
were fed unrestricted diets (National Research Council 1981). 
Poor body condition resulting from inadequate nutrition will 
likely contribute to increased susceptibility to the several 
diseases that affect bighorn populations and eventually lead to 
death from pneumonia (DeForge et al. 1982). 
Some caution must be used in assuming that uptake of 
adequate nutrients and energy is being prevented by human 
harassment. Observations of Red and White Canyon bighorn were 
only made during daylight hours so no estimate of how much time 
is spent foraging at night. Early observers of bighorn felt that 
night activity of desert bighorn was very limited (Hansen 1964, 
Wilson 1968), but more recent studies (Simmons 1969, Mi 11 er 
1984) indicated that nighttime activity and feeding might be 
more extensive than previously thought. There is also no 
information available on diet selection after or during 
harassment that might indicat2 possible changes in feeding rates 
or diet quality that may be compensatory to incurred energy 
costs. Both of these areas should prove to be promising areas 
for future research. 
What can be said is that the ways in which desert bighorn 
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sheep in southeastern Utah, particularly those in Red Canyon, 
exploit their environment are significantly altered by human 
harassment. Efforts should be made to determine how much energy 
is expended in the face of harassment and whether the available 
forage possesses enough nutritive value to make up for energy 
costs. Attempts should also be made to determine the degree to 
which animals can compensate for energetic costs by behavioral 
adjustment. 
Hunting Ramifications 
As suggested earlier, the annual desert bighorn sheep hunt 
has had considerable impact on bighorn behavior in the study area. 
No other single activity brings as many people directly into 
bighorn habitat with the potential of encountering bighorn sheep. 
Although the number of permits issued each year is small (five or 
six/year), the hunting season is long (30 days) and the 
probability that hunters will encounter several bighorn is high. 
Because the nature of the hunt is extremely difficult, generally 
several non-hunting companions accompany the permit holder to 
assist his efforts. Non-hunting companions and their vehicles 
add considerably to disturbance in the area during the hunting 
season. 
Alterations in bighorn behavior as a result of hunting have 
been observed by Geist (1971b), and OeForge (1980) who suggested 
that hunting in some areas had caused rams to abandon traditional 
home ranges even though hunting levels were low. Horesji (1976) 
noted behavioral differences between hunted and unhunted bighorn 
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populations that were only separated by a short distance. Hunted 
bighorn had long flight distances (distance to which animals 
would allow humans to approach before fleeing, see Walther 1969) 
even though hunting groups were as few as one per year, whereas 
unhunted bighorn were tolerant and often approached Horesji to 
within close range. Differences in behavior between hunted and 
unhunted animals have been noted for a variety of ungulate 
species (Geist 1971a, Dorrance et al. 1975, Horesji 1976, Schultz 
and Bailey 1978, Berger et al. 1983). These differences are 
particularly evident when comparing relatively tame behavior 
exhibited by protected wildlife in National Parks to wild 
behavior of nearby animals that are regularly hunted. Morgantini 
and Hudson (1985) demonstrated that normal feeding patterns of 
elk changed during a hunting season in Canada. Elk moved to 
different habitat types and switched from a grazing habit to 
browsing. After the hunt was over, elk returned to areas they 
had occupied prior to the hunt and again chose grass over browse. 
Batchelor (1968, in Geist 1975a) showed that calf production in 
red deer dropped in New Zealand when hinds were forced to use 
suboptimal habitats as a result of hunting for damage control 
purposes • 
Geist (1971a, 1975b) suggested that hunting, a consumptive 
use, was not compatible with non-consumptive uses such as 
photography and wildlife observation. Ungulates are not capable 
of differentiating between hunters and non-hunters and thus the 
reaction by animals is the same towards both groups (Horesji 
1976). Therefore, bighorn in hunted areas generalize the stimuli 
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presented by all humans to the negative experience with hunters 
and wariness of animals increases. 
In most areas bighorn are hunted as trophy animals and only 
mature rams are harvested. Hunts are conducted during late 
summer when the sexes are spatially segregated prior to breeding 
seasons. In those cases it can be expected that rams will be 
more wary than ewes because ewe groups absorb relatively little 
impact from hunters. However, in some areas ewe hunts have been 
conducted as a means of population regulation (Nichols 1976, 
Wishart 1976, Smith and Wishart 1978). Ewes and lambs in these 
areas are most likely more wary and respond to humans more 
severely than ewes that are not subjected to hunting pressure. 
Thorne et al. (1978) observed that ewe hunts as a means of 
population regulation in Wyoming may be detrimental to bighorn by 
causing ewes and lambs to become more ram-like in their responses 
to humans, particularly on winter range where encounter rate with 
humans is high. They felt that high-quality winter ranges would 
be avoided for perhaps poorer but more secluded areas. 
The desert bighorn hunt in Utah is a trophy hunt with only 
mature rams being legal trophies. However a unique situation 
exists in that the hunt begins in early fall while rams and ewes 
are still segregated but continues for a 30 day period by which 
time younger but legal rams have moved in with ewe groups, 
particularly in the Red Canyon area. Many of the rams harvested 
are killed during the last few days of the hunt in or in close 
proximity to ewe groups. In essence ewes and lambs are being 
hunted as well. The situation is further complicated by a 
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special high-bid desert bighorn hunt that has been conducted 
during the rut in each of the last five years (1980-1984). All 
five permit holders have been successful and again rams have been 
killed in groups containing ewes and lambs. 
Given this situation, it might be expected that Red Canyon 
ewe groups would be more exciteable by human disturbances than 
nearby White Canyon ewe groups that are rarely disturbed by 
humans. It might also be expected that Red Canyon ewes and rams 
would exhibit similiar more reactive response patterns to human 
harassment than less disturbed White Canyon animals. It could 
also be predicted that White Canyon sexes should show similar 
behavior patterns only less reactive than Red Canyon bighorn. 
Data collected in this study indicate that Red Canyon 
groups have been taught by hunters that humans are a negative 
stimulus and thus they are more reactive than White Canyon 
groups to any human disturbance. Behavior in response to 
interactions with humans is similar among group types within 
areas, particularly in immediate response (Figure 8), distance 
fled (Figure 16), and group wariness (Figures 34-35, Appendix C). 
Although hunting has caused Red Canyon animals to be more 
wary than White Canyon animals when they interact with humans, 
this does not necessarily mean that the impacts are all negative. 
Increased wariness may, in fact, make Red Canyon animals less 
susceptible to poaching because they are less tolerant and less 
approachable than White Canyon animals. 
Management Implications 
Sound management of desert bighorn sheep populations is an 
important goal of wildlife and land management agencies in the 
western United States. Agency managers want and need to know 
what the effects of human disturbance are so those impacts can be 
incorporated in planning efforts. Effects of various types of 
disturbance, critical seasons, and harassment threshold levels 
that, when exceeded, will lead to population declines are areas of 
concern often raised by managers. Answers to these and related 
questions are difficult to obtain and require research in a 
number of scientific disciplines. This study cannot answer all 
questions regarding harassment of bighorn sheep, but does provide 
new information that will be of use in formulation of management 
plans for desert bighorn. 
Although Red Canyon bighorn are more disturbed by 
interaction with humans than White Canyon bighorn, present levels 
of human activity in desert bighorn habitat in the Red and White 
Canyon areas are relatively low. Encounters between desert 
bighorn and humans are generally infrequent and occur primarily 
during spring and fall seasons. The level of disturbance in the 
area is probably not severe enough to impact bighorn at the 
population level, but differences in behavior between the two 
areas as a result of human activities are identifiable. 
Results of the study indicate that desert bighorn in Red 
Canyon, those exposed to heavier hunting pressure and relatively 
higher traffic levels, react more severely and flee farther thus 
expending more energy than White Canyon animals. In the face of 
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continuous harassment, the proportion of Red Canyon animals 
exhibiting wariness behavior is significantly greater relative to 
White Canyon animals for a longer period of time. Activity 
budgets of harassed Red Canyon bighorn are more severely altered 
than those of harassed White Canyon bighorn. More time is spent 
by harassed Red Canyon animals in attention behavior and less 
time in feeding behavior compared to harassed White Canyon 
animals. Activity budgets of unharassed animals are similar for 
both areas. Subsequently, harassment alters the normal behavior 
patterns of desert bighorn and prevents them from spending as 
much time as they normally would in a variety of behaviors. 
These differences allow identification of areas of consideration 
during management planning efforts. Some specific areas are 
discussed below. 
Red Canyon bighorn that have experienced considerably more 
negative interactions with people than White Canyon bighorn are 
more sensitive to human activities. It can be expected that if 
hunting patterns continue status quo, Red Canyon bighorn will 
continue to react severely to human presence. This reaction will 
occur when hikers, miners, geologists, and ranchers as well as 
hunters interact with bighorn since bighorn are not capable of 
differentiating between classes of humans. White Canyon bighorn 
can be expected to continue to be tolerant of people as long as 
they are not actively hunted. If hunting pressure increases in 
the White Canyon area, bighorn behavior will likely begin to 
resemble that of Red Canyon animals. The chance of increased 
hunting in White Canyon is a likely possiblity as hunters become 
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more aware of ram habitat use patterns in the area. 
Harassment in any season can have negative impacts on 
desert bighorn depending on the intensity of the disturbance. 
However, there are times when the effects of harassment will be 
more severe. Results of this study indicate that bighorn are 
most sensitive to human disturbance in spring and summer and 
least sensitive during fall and winter. Spring harassment can be 
particularly harmful to pregnant or lactating ewes in terms of 
energy costs. Rapid growth by lambs and lactation by ewes demand 
high amounts of energy (Moen 1981). Energy spent in excitement 
or flight would subtract from the total needed to maintain 
adequate milk production and growth. During the course of the 
study desert bighorn ewes with lambs were harassed on several 
occasions. Response was generally greater than in other seasons 
in both areas, though the response by Red Canyon animals was 
greater than for White Canyon bighorn. Extreme response 
characterized by running flight by ewes with lambs was noted 
several times. On three occasions distance fled by ewes with one 
to two week old lambs exceeded 4 miles with only brief pauses (in 
one instance the distance was over seven miles). Extreme 
exertion like these cases cannot be beneficial for small lambs. 
Summer can also be a critical season for desert bighorn in 
southeastern Utah as well. Response to harassment and distances 
fled are comparable to those for spring, but unlike spring when 
forage is relatively nutritious, forage is at its lowest nutrient 
levels (Hull 1984). Flights from harassing stimuli can be 
particularly severe if energy expended cannot be recoverd from 
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nutrients available in their diet. Bighorn may also suffer from 
excessive heat loading if forced to flee during extremely high 
temperatures common to desert habitats. Efforts to cool body 
temperatures to tolerable levels add further energetic costs 
(National Research Council 198l). Measures should be taken 
to minimize major disturbances during spring and summer that 
would cause lactating ewes and young lambs to expend large 
amounts of en,e-rgy due to excitement or flight. 
A 1 though bighorn response to human disturbances in fall and 
winter is less pronounced than during spring or summer, it does 
not mean that interactions between man and bighorn in those seasons 
will not be harmful. Because bighorn are more tolerant of people 
at those times of the year, they are more susceptible to 
poaching. Bighorn rams in the rut are relatively unconcerned by 
human approach during late fall and early winter. On several 
occasions during the breeding season the researcher was able to 
observe mature rams at close di stances in Red Canyon as well as 
White Canyon. Rams were preoccupied with courtship and dominance 
behaviors as they courted ewes and contested other rams for 
breeding priviledges. This loss of wariness during the breeding 
season is the main reason that rut season hunts are successful. 
The first year that desert bighorn were hunted in Utah (1967) the 
hunt was conducted during the rut and all permi ttees were 
successful. Since the special high bid hunt was initiated in 
Utah five years ago, all hunters have hunted during the rut and 
all have killed rams. Though the removal of the few rams that 
are harvested is of little harm to the bighorn population as a 
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whole, behavior of ewes, lambs, and young rams is affected when 
animals are killed within short distances of or directly from 
mixed groups. Ewes and lambs sensitized to human encounters by 
exposure to hunters will respond more severely to encounters with 
other but harmless humans in the future. If possible, hunts 
should be planned so they can be conducted while rams and ewes 
are sexually segregated to minimize the impact on ewes and lambs. 
Bighorn were more sensitive to hikers than vehicles, more 
sensitive when interactions with humans occurred at distances< 
400 m, and generally more sensitive to approach from above than 
from below or on the level. Although it is difficult to regulate 
human activities on public lands especially on existing roads and 
trails, people should be urged to minimize the negative effects 
of bighorn-human encounters by remaining in vehicles and close to 
roads if possible. If bighorn are encountered by vehicles, 
people should be encouraged not to approach the animals closer on 
foot. Hikers should be cautioned against approaching closer when 
bighorn are encountered, especially from above. 
Major developments in bighorn habitat should be discouraged, 
but when necessary they should be planned to avoid spring and 
early summer when young lambs are present. Activities during the 
breeding season should also be limited when possible as 
disturbance may have the tendency of limiting normal rutting 
behavior. If new roads and building complexes are planned, they 
should be built as far away from critical bighorn areas as 
possible to maximize distance of bighorn-human encounters. New 
roads and developments should be constructed a minimum of 400 m 
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away from talus slopes commonly used by bighorn. 
Construction crews, miners, surveyors, etc. working in 
bighorn habitat should be encouraged by managemnt officials to 
follow a predictable routine when possible to give bighorn an 
opportunity to habituate to their activities, thus minimizing 
negative effects. Crews working in the area should not be 
discouraged from observing bighorn, but should be encouraged not 
to sensitize them further to human encounters by approaching the 
animals or harassing them in any way. 
Disturbance to bighorn populations by people will 
undoubtedly continue as the demand for recreation in remote areas 
increases. The potential for human interaction with desert 
bighorn in southeastern Utah is also on the rise as the area's 
popularity with recreationists increases. Should the now 
depressed uraninum market improve and should discussed plans for 
tar sands development in the area come about, more people will 
have the opportunity to encounter bighorn in their native habitat. 
The negative impacts of these encounters can be buffered to some 
extent if the above precautions are followed. 
Because of the differences in behavior of bighorn in areas 
of contrasting disturbance levels, behavior can be used by 
wildlife and land managers as a tool to indicate levels of 
harassment of given bighorn populations. If major developments 
are planned for certain areas behavioral baseline data can be 
readily collected prior to the disturbance. Attention and 
feeding behaviors could be monitored and later compared with the 
same behavior patterns during and after the disturbance to 
96 




Response of desert bighorn sheep to human disturbance has 
been evaluated in several areas of the western United States. 
However, disturbance objectives have been secondary to other 
areas of emphasis. Behavioral responses by bighorn to human 
encounters have been documented but generally little information 
other than broad response category has been recorded. Most of 
these evaluations have been conducted in areas where bighorn are 
exposed to large numbers of people, but are not hunted. No 
systematic studies have been made that compare unhunted areas to 
hunted areas to determine if behavioral differences occur. 
This study was the first to investigate behavioral response 
of desert bighorn in two areas with contrasting disturbance 
levels. Response to human harassment was evaluated in terms of 
immediate response to harassment, distance fled as a result of 
harassment, group wariness during harassment, and activity 
budgets to determine if differences in behavior existed between 
Red Canyon (high disturbance level) and White Canyon (low 
disturbance level) bighorn. 
It was predicted that Red Canyon animals would be more 
reactive, flee farther, exhibit more group wariness, and have 
more significant alterations in normal activity budgets because 
they had been subjected to high hunting pressure and high 
vehicular traffic relative to White Canyon bighorn. Red Canyon 
animals were in fact more sensitive to harassment trials than 
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White Canyon bighorn. Red Canyon bighorn reacted most frequently 
to human harassment trials by fleeing, whereas White Canyon 
bighorn responded most commonly with non-flight behaviors. 
Distance fled by Red Canyon bighorn was approximately 1.6 times 
farther than for White Canyon bighorn when walking flight was the 
observed response and 2.5 times farther when running flight was 
the observed response. 
Red Canyon bighorn showed a higher degree of group wariness 
for longer periods of time than White Canyon bighorn when faced 
with constant presence of harassing stimuli. Activity budgets of 
Red Canyon bighorn were significantly different than those of 
White Canyon bighorn when animals were harassed. Red Canyon 
animals spent more time at attention and less time feeding than 
White Canyon animals when they were harassed. Behavior was 
similar for both areas when bighorn were observed under 
unharassed conditions. 
Based on these evident behavioral differences between Red 
and White Canyon bighorn it can be concluded that overt behavior 
can be used as an effective indicator of relative disturbance 
levels in a given population of bighorn. 
Hunting has had a considerable impact on behavior of bighorn 
in response to human encounters. Regularly hunted Red Canyon 
bighorn are more wary than White Canyon animals. High wariness 
is consistent for all Red Canyon group types including ewes and 
lambs. This is attributed to the relative high frequency 
ewes and lambs in the Red Canyon area have been exposed to 
hunting pressures. Late season hunters often kill trophy rams in 
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close proximity to ewe groups, thus sensitizing ewes and lambs to 
future encounters with humans. 
Although relative expenditure of energy in response to human 
disturbance is greater for Red Canyon bighorn than for White 
Canyon bighorn, exact energy costs incurred by animals in both 
areas is not known. Future research to determine energy and 
nutrient requirements and actual energy expenditure for 
activities related to normal behavior and behavior in response to 
harassment would provide the additional information necessary to 
determine differences in energy expenditures as a result of 
harassment. With this information wildlife biologists could 
predict harassment threshold levels so sought after by wildlife 
and land managers. 
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Summary of Immediate Responses of Harassed 
Desert Bighorn Sheep in Southeastern Utah 
111 
Table 1. Immediate behavioral response of Rer:t and White Canyon 
desert bighorn during harassment trials. Response 
category l=slight interruption, 2=moderate interruption, 
3=walking flight, 4=running flight; *=significance 
(P<0.05) between Red and White Canyon areas, 
a,b,c=significance (P<0.05) between response categories, 
y,z=signicicance (P<0.05) between flight and non-flight 
categories, 9 =~ignificance (P<0.10). 
Area 
Main Response Red Canyon White Canyon 
effect category n 1 n 1 
Disturbance 
~ 
Vehicle (X2•7.0, df 2 3, P<0.10) 
Non-flight 
1 6 18a ll 38a 0 
2 7 21a 4 14b 
sub total 13 39y 15 52y 
Flight 
3 3 9a 6 2lab 
4 18 52b 8 27ao * 
sub total 21 6lzo 14 48y 
Total 34 100 29 100 
Hiker (X2s41.9, df 2 3, P<0.005) 
Non-flight 
1 2 3a 29 33a * 
2 4 Sa 19 21b * 
sub total 6 By 48 54y * 
Flight 
3 20 27b 18 20b 
4 49 65c 23 26ab * 
sub total 69 92z 41 46y * 
Total 75 100 89 100 
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Table 1. Continued. 
Area 
Main Response Red Canyon White Canyon 




2-1s.o, df•3, P<0.005) 
Non-flight 
l 2 6a 18 26a * 
2 l 3a 17 25ab * 
sub total 3 9y 35 Sly * 
Flight 
3 8 23b 10 15b 
4 23 68c 23 34a * 
sub total 31 9lz 33 49y * 
Total 34 100 68 100 
101-2001' (X2•30.5, df 23, P<0.005) 
Non-flight 
l 2 6a 14 44a * 
2 0 Ob 4 12b * 
sub total 2 6y 18 56y * 
Flight 
3 4 13a 10 32a 0 
4 25 81c 4 12b * 
sub total 29 94z 14 44y * 
Total 31 100 32 100 
201-40()n (x22s.6, df~3, P>0.10) 
Non-flight 
1 1 4a 2 33a 0 
2 5 23b l 17a 
sub total 6 27y 3 50y 
Flight 
3 5 23b 2 33a 
4 11 sac l 17a 
sub total 16 73z 3 SOy 
Total 22 100 6 100 
~ (X
2•5.2, df•3, P>0.10) 
Non-flight 
1 3 15a 6 50a * 
2 5 25a 1 8b 
sub total 8 40y 7 58y 
Flight 
3 6 30a 2 17D 
4 6 30a 3 25b 
sub total 12 60y 5 42y 
Total 20 100 12 100 
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Table 1. Continued. 
Area 
Hain Response Red Canyon White Canyon 
effect category n i n i 
Approach 
eosit ion 
Above (x2•B.4, df•3, P<0.05) 
Non-flight 
l l Ba 10 26ab 
2 0 Oa 9 24ab * 
sub total By 19 50y * 
Flight 
3 l Ba 5 13a 
4 10 84b 14 37b * 
sub total 11 92z 19 50y * 
Total 12 100 38 100 
Level (X2•37.0, df•3, P<0.005) 
Non-flight 
l 4 6a 19 54a * 
2 9 13a 3 9b 
sub total 13 l9y 22 63y * 
Flight 
3 17 24b 9 26c 
4 40 57c 4 llbc * 
sub total 57 Blz 13 37z * 
Total 70 100 35 100 
Below (x2-a.4, Clf•3, P<0.005) 
Non-flight 
l 3 12a 11 25a 
2 2 Ba 11 25a Cl 
sub total 5 20y 22 SOy * 
Flight 
3 5 19a 10 22a 
4 16 , 61b 13 28a * 
sub total 21 BOz 23 50y * 
Total 26 100 45 100 
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Table 1. Continued. 
Area 
Main Response Red Canyon White Canyon 
effect category n ,. n ,. 
~ 
~ (x2-1.o, df•J, P>0.10) 
Non-flight 
l l lOa l 13a 
2 2 20a 3 37a 
sub total 3 30y 4 50y 
Flight 
3 l lOa l 13a 
4 6 60b 3 37a 
sub total 7 70zO 4 50y 
Total 10 100 8 100 
~ (x2=9.6, df=3, P<0.01) 
Non-flight 
l 0 Oa 5 23a * 
2 l 6a 6 27a 0 
sub total 6y 11 50y * 
Flight 
3 5 31b 6 27a 
4 10 63c 5 23a • 
sub total 15 94z 11 50y * 
Total 16 100 22 100 
Sunmer (X2=16.3, df=3, P<0.005) 
Non-flight 
l 4 Sa 13 26a * 
2 5 lOa 12 24a 0 
sub total 9 !Sy 25 50y * 
Flight 
3 6 12a 11 21a 
4 34 70b 15 29a * 
sub total 40 82z 26 50y * 
Total 49 100 51 100 
Fal 1 ( x2-is.3, df•3, P<0.005) 
Non-flight 
1 3 ga 21 57a * 
2 3 9a 2 Sb 
sub total 6 18y 23 62y * 
Flight 
3 11 321> 6 16l>C 
4 17 501> 8 22c * 
sub total 28 82z 14 38z * 
Total 34 100 37 100 
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Table 1. Continued. 
Area 
Main Response Red Canyon White Canyon 




talus (X2•35.5, df•3, P<0.005) 
Hon-flight 
1 6 7a 17 42a * 
2 12 13ab 7 17b 
sub total 18 20y 24 59y • 
Flight 
3 17 18b 8 20b 
4 58 62c 9 21b • 
sub total 75 80z 17 4lz • 
Total 93 100 41 100 
Moenkopi 
(x2•s.3, talus df•3, P>0.10) 
Hon-fl 1 ght 
1 1 9a 4 57a • 
2 0 .Oa 0 Ob 
sub total 9y 4 57y • 
Flight 
3 2 18a 1 14D 
4 8 73b 2 29ab 0 
sub total 10 9lz 3 43y * 
Total 11 100 7 100 
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Table 1. Continued. 
Area 
Main Response Red Canyon White Canyon 




2•20,6, df•3, P<0.005) 
Non-flight 
l 4 7a 21 34a • 
2 4 7a 12 191> • 
SUI> total 8 14y 33 53y . 
Flight 
3 11 201> 9 151> 
4 37 66c 20 32a . 
sull total 48 86z 29 47z . 
Total 56 100 62 100 
~ (X
2•8.8, df•3, P<0.05) 
Non-flight 
l 3 14a 14 56a • 
2 2 10a 2 81> 
sull tot a 1 5 24y 16 64y • 
Flight 
3 5 24a 3 121> 
4 11 52D 6 241> • 
SUI> total 16 76z 9 36z . 
Total 21 100 25 100 
Rams (x2•14.s, df•3, P<0.005) 
Non-flight 
l l 3a 5 16a • 
2 4 13all 9 29all .. 
SUI> tot a I s 16y 14 45y . 
Flight 
3 7 221> 12 401> • 
4 20 62c 5 15a • 
sull total 27 84z 17 55z • 
Total 32 100 31 100 
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Table 1. Continued. 
Area 
Main Response Red Canyon White Canyon 
effect category n :i n 1 
Group 
size 
l (x2-s.6, df•3, P>0.10) 
Non-flight 
l 2 lOa l 9a 
2 l Sa 4 33a * 
sub total 3 15y 5 42y 0 
Flight 
3 4 20a 3 25a 
4 13 650 4 33a 0 
sub total 17 85z 7 58y 0 
Total 20 100 12 100 
2-7 (x2a30.7, df 2 3, P<0.005) 
Non-flight 
I I 2a 18 33a * 
2 12 190 14 26ab 
sull tota 1 13 2ly 32 58y * 
Flight 
3 12 190 13 24ao 
4 37 60c 10 180 * 
sull total 49 79z 23 42z"' * 
Total 62 100 55 100 
> 7 (x2=9.7, dfa3, P<0.025) 
Non-flight 
l 5 14all 21 41a * 
2 2 Sa 5 !Oil 
sub total 19y 26 Sly * 
Flight 
3 7 190 8 16b 
4 22 62c 17 33a * 
sub total 29 8lz 25 49y * 
Total 36 100 51 100 
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Table 1. Continued. 
Area 
Hain Response Red Canyon White Canyon 
effect category n i n i 
Initial 
behavior 
1t!..'!i (x22 1.7, df 2 3, P>0.10) 
Non-flight 
l 3 6a 8 25a * 
2 5 10a 6 19a 
sub total 8 16y 14 44y * 
Flight 
3 9 19a 9 28a 
4 31 65b 9 28a * 
sub total 40 84z 18 56z * 
Total 48 100 32 100 
Standing (X22 11.7, df=3, P<0.01) 
Non-flight 
l 0 0a 0 0a 
2 1 13a 0 0a 
sub tot a 1 13y 0 0y 
Flight 
3 I 13a 2 40a 
4 6 74b 3 60a 
sub total 87z s l00z 
Total 8 100 5 100 
Feeding (x22 22.2, df 2 3, P<0.005) 
Non-flight 
I 5 l0a 28 38a * 2 5 l0a 18 23b * 
sub total 10 20y 46 6ly * 
Flight 
3 13 25b 11 15b 
4 28 55c 18 24b * 
sub total 41 80z 29 39z * 
Total 51 100 75 100 
Appendix B 
Summary of Distances Fled by Harassed Desert 




Table 2. Analysis of variance table for distance fled exam1n1ng 
the effect of area with disturbance type, reaction distance, 
approach position, season, habitat type, group 
composition, group size, and initial behavior for flight 
categories and for all response categories combined. 
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Table 3. Average distances fled by Red and White Canyon desert 
bighorn during harassment trials. 
Red Canyon White Canyon 
n Average distance n Average distance 
Effect .:, st. dev. .:, st. dev . 
All reseonse cate9ories 
Di sturt>ance 
~ 
Vehicle 33 535 + 119 29 121 + 127 
Hiker 75 999 ~ 79 89 223 ~ 73 
Reaction 
distance (m) 
0-100 34 825 + 120 68 181 + 85 
101-200 30 999 + 128 32 224 + 124 
201-400 24 969 + 143 6 250 + 285 
> 400 20 568 + 156 12 202 I 202 
Approach 
eosition 
At>ove 12 1113 + 202 37 257 + 114 
Level 70 813 + 84 36 71 + 116 
Below 26 860 + 137 45 251 I 104 
Season 
Winter 10 440 + 221 8 247 + 247 
Spring 16 1109 + 175 22 249 + 149 
Surrrner 49 853 + 100 51 207 + 104 
Fall 33 868 I 122 37 146 I 115 
Hat>itat 
~ 
Chinle 94 909 + 84 42 164 + 126 
Moenkopi 11 559 ~ 245 7 296 ~ 308 
Group 
cameos it ion 
Ewe 56 726 + 93 62 218 + 89 
Mixed 21 1005 + 152 25 161 + 140 Ram 31 996 ! 125 31 188 ! 125 
Group 
size 
1 18 740 + 166 11 116 + 212 
2-7 55 872 + 95 57 189 + 93 
> 7 35 095 I 119 50 226I 99 
Initial 
behavior 
Lying 50 1009 + 99 33 242 + 122 
Standing 8 1197 + 247 5 410 + 312 
Feeding 49 640 ! 100 75 172 ! 81 
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Table 3. Continued. 
Red Canyon White Canyon 
n Average distance n Average distance 
Effect + st. dev. .: st. dev. 
Fl i9ht reseonse onl;t 
Oisturt>ance 
~ 
Vehicle 20 884 + 175 14 250 + 209 
Hiker 70 1071 ! 94 42 474 + 121 
Reaction 
distance !ml 
0-100 31 905 + 142 34 362 + 135 
101-200 29 1033 + 147 14 512 + 211 
201-400 18 1292 + 186 3 500 + 456 
> 400 12 945 I 228 5 485 + 353 
Approach 
eosition 
Above 11 1214 + 237 18 529 + 185 
level 58 981 + 104 14 184 + 210 Below 21 1064 ! 172 24 470 + 161 
Season 
Winter 7 629 + 299 4 494 + 396 
Spring 15 1183 + 205 11 498 + 239 Su11111er 40 1045 + 125 27 391 + 152 Fa! 1 28 1023 ! 150 14 386 + 212 
Hat>itat 
~ 
Chinle 77 1110 + 100 17 404 + 213 
Moenkopi 10 615 I 218 3 692 + 507 
Group 
comeos1tion 
Ewe 48 847 + 112 30 452 + 142 
Mixed 17 1241 + 189 9 447 + 259 
Ram 25 • 1235 I 156 17 343 + 189 
Group 
~ 
1 15 888 + 204 6 213 + 323 
2-7 46 1042 + 117 25 432 + 158 
) 7 29 1080 ! 147 25 453 + 158 
Initial 
behavior 
Lying 42 1201 + 121 18 443 + 185 
Standing 7 1368 + 296 5 410 + 350 
Feeding 40 784 ! 124 30 430 I 143 
Appendix C 
Summary of Group Wariness for Harassed Desert 
Bighorn Sheep in Southeastern Utah 
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Table 4. Group wariness of Red Canyon and White Canyon desert 
bighorn sheep at five minute intervals after harassment. 
Area 
Group Minutes after White Canyon Red Canyon 
composition disturt>ance a n 1 n a 1 
Ram 
D 34 42 81 27 32 A4 
5 27 42 64 24 32 75 
10 16 42 38 24 32 75 
15 21 40 53 22 29 76 
20 13 4D 33 17 28 61 
25 11 40 29 12 23 52 
30 0 38 0 8 21 38 
35 11 38 29 11 21 52 
40 6 37 16 15 21 71 
45 6 33 18 15 19 79 
50 7 33 18 13 19 68 
55 4 30 13 11 19 58 
60 l 24 4 14 22 64 
Ewe 
D 178 266 67 181 193 97 
5 122 259 47 158 193 82 
10 73 243 30 134 189 71 
15 54 234 23 131 175 75 
20 27 222 12 100 166 60 
25 25 191 13 71 144 49 
30 24 183 13 84 127 66 
35 20 183 11 67 121 55 
40 29 183 16 47 121 39 
45 27 168 16 28 121 23 
50 21 151 13 31 109 28 
55 21 151 13 52 110 47 
60 17 159 11 34 122 28 
Mixea 
D 54 86 63 113 123 92 
5 27 86 31 84 123 68 
10 19 86 22 89 123 72 
15 13 86 15 50 109 46 
20 13 86 15 43 102 42 
25 10 86 12 35 88 40 
30 7 86 8 10 87 11 
35 5 86 6 17 87 20 
40 7 86 8 18 87 21 
45 5 86 6 16 87 18 
50 6 86 7 19 78 24 
55 7 86 8 16 78 21 
60 0 86 0 18 78 23 
a=total numt>er of t>ighorn at attention or in flight 
n•total numt>er of t>ighorn in view 
l•a/n 
□ •initial disturt>ance 
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Table 5. Binomial Chi-square analysis of group wariness for Red 
and White Canyon groups through time. 
Group composition Source df x2 Significance 
Ram 
area 1 91.5 P<0.005 
time 12 101.0 P<0.005 
area X time 12 23.1 P< 0.05 
total 25 215.6 
Ewe 
area 1 569.5 P<0.005 
time 12 593.0 P<0.005 
area X time 12 143.4 P<0.005 
total 25 1305.9 
Mixed 
area 1 178.1 P<0.005 
time 12 509.4 P<0.005 
area X time 12 14.9 P> 0.10 
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Figure 34. Group wariness for harassed Red Canyon desert bighorn groups. 
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Table 6. Analysis of variance table for activity budget exam1n1ng 
the effects of area, season, and disturbance level on 
attention, feeding, and standing. 
Source df F-ratio Significance level 
Attention 
Area 1 12.36 0.000 
Season 2 3.08 0.047 
Disturbance 1 99.94 0.000 
A X S 2 0.23 0. 796 
A X D 1 1.56 0.213 
A X S X D 2 3.39 0.034 
Error 507 
Feeding 
Area 1 0.22 0.640 
Season 2 3.41 0.047 
Disturbance 1 17.92 0.000 
A X S 2 3.90 0.021 
A X D 1 1.81 0.179 
A X S X D 2 4.06 0.018 
Error 507 
Standing 
Area 1 9.04 0.003 
Season 2 1.53 0.217 
Disturbance 1 7.79 0.005 
A X S 2 0.32 0.727 
A X D 1 0.48 0.490 




Table 7. Seasonal activity budgets of Red and White Canyon desert 
bighorn based on average time in each behavior category 
per 15 minute observation period. 
Red Canyon White Canyon 
Harassed Unharassed Harassed Unharassed 
Season Behavior min. % min. % min. % min. % 
Winter n=54 n=40 n=41 n=l7 
Attention 4.05 27 0.87 6 4.05 27 0.01 0 
Feeding 6.15 41 8 .10 54 4.37 29 6.45 43 
Lying 3.75 25 5.40 36 4.50 30 5.40 36 
Standing 0.60 4 0.60 4 0.75 5 1.65 11 
Walking 0.30 2 0.07 0 0.75 5 1.50 10 
Running 0.08 1 0.02 0 0.45 3 0.01 0 
Social 0.02 0 0.02 0 0.15 1 0.05 0 
Spring n=42 n=43 n=55 n=21 
Attention 6.75 45 1.20 8 3.90 26 1.05 7 
Feeding 2.70 18 4.65 31 4.50 31 6.90 47 
Lying 4.05 26 6.30 42 4.50 30 5.40 36 
Standing 0.01 0 0.90 6 0.75 5 0.75 5 
Walking 1.05 7 1.95 13 1.05 7 0.75 5 
Running 0.45 3 0.01 0 0.15 1 0.02 0 
Soc i al 0.15 1 0.02 0 0.04 0 0.05 0 
Summer n=54 n=l6 n=62 n=72 
Attention 6.30 41 0.90 6 3.50 23 0.18 1 
Feeding 3.00 19 7.95 53 5.70 39 5.25 35 
Lying 3.90 26 4.05 28 3.90 26 6.74 45 
Standing 0.34 2 0.60 4 0.60 4 1.24 8 
Walking 0.90 5 0.76 5 0.79 5 1.43 9 
Running 0.90 6 0.46 3 0.36 2 0.14 1 
Social 0.15 1 0.16 1 0.16 1 0 .14 1 
Fa l l n=30 n=l5 n=42 
Attention 2.60 18 0.15 1 2.65 18 
Feeding 5.25 35 7.49 50 7.07 47 
Lying 4.81 32 4.33 29 3.21 21 
Standing 0.60 4 0.90 6 0.68 5 
Walking 1.21 8 1.47 10 0.87 6 
Running 0.19 1 0.00 0 0.02 0 
Social 0.30 2 0.60 4 0.47 3 
Table 8. Seasonal activity budgets for Red and White Canyon 
desert bighorn based on the number of individuals 
engaged in each activity under harassed and unharassed 
conditions. 
Area 
White Canyon Red Canyon 
Harassed Unharassed Harassed Unharassed 
Season Behavior n '1 n l n l n l 
Winter (x22 11a.3, df 2 6, P<0.005) 
Attention 348 24 8 I 300 23 26 4b 
Feeding 550 38 286 34~ 454 35 257 37 
Lying 464 32 420 soy 443 34z 366 53 
Standing 58 4 67 By 52 4 32 Sb 
Walking 29 2 51 6y 39 3z 4 lb 
Running I Oa 2 0 13 lz 0 0 
Social 10 0 8 ly 4 0 0 Ob 
Total 1460 842 1305 685 
~ (X22 29.9, df 2 6, P<0.005) 
Attention 147 !Sa 19 ly 244 28z 99 3b 
Feeding 272 28a 756 4ly 131 !Sz 2450 31b 
Lying 425 44 863 47 382 44z 1656 50b 
Standing 59 6a 93 5 79 9 232 7b 
Walking 57 6a Ill 6 35 4z 264 Sb 
Running 7 0 3 0 2 Oz 33 lb 
Social 10 la 7 Oy I 0 6 0 
Total 977 1852 874 3318 
Sunr11er (x2•186.s, df•6, P<0.005) 
Attention 482 16a 38 ly 610 22z 27 1 
Feeding 1036 34 1492 39y 942 34 2440 36b 
Lying 1011 34 1796 47y 888 32z 1404 52b 
Standing 151 5 269 7y 166 6z 135 Sb 
Walking 271 9a 192 Sy Ill 4z 161 6 
Running 33 la 17 Oy 55 2z 0 0 
Social 26 la 40 l 8 0 8 Ob 
Total 3010 3844 2780 2705 
Fall (x2-1s2.1, df 2 6, P<0.005) 
Attention 197 7a 23 2y 136 12z 19 2 
Feeding 1318 47a 498 42y 420 37z 492 Slb 
Lying 1039 37 520 44y 409 36 338 35 
Standing 112 4 47 4 45 4z 58 6b 
Walking 84 3a 44 4 68 6 48 5 
Running l 0 10 0 45 4z 0 0 
Social 56 2a 46 4y 12 1 12 lb 
Total 2807 1188 1135 967 
a•signiffcant difference (P<0.05) between areas; harassed conditions 
b•si gnificant difference (P<0.05) Detween areas; unharassed 
conditions 
y•signfficant difference (P<0.05) between harassed and unharassed 
conditions; White Canyon 
z•sfgnficant difference (P<0.05) between harassed and unharassed 
conditions; Red Canyon 
Oasignificance at P•0.10 
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Appendix E 
Flight Effort of Harassed Desert Bighorn 
Sheep in Southeastern Utah 
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Table 9. Relative flight effort of Red and White Canyon desert 



















Distance moved (m) 
+ st. dev. 
499 + 421 
1228 + 995 
315 + 321 




Sample Data Sheet 
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Location _________ _ Date _________ _ Collar# _________ _ 
Area __________ _ Time of Day ______ _ Slope Aspect _______ _ 
Habitat Type _______ _ Weather _______ _ Group Size _______ _ 
Group Comp ________ _ !nit Behav ______ _ Reac Dist ________ _ 
Approach Pos _______ _ Inmed Response ____ _ Dist Fled ________ _ 
Disturb Type _______ _ Terrain _______ _ Vegetation _______ _ 
Focal AnimaJ Behavior 
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Area: l=Red Canyon, 2=White Canyon Co1TJTients: 
Dist Type: !=vehicle, 2=hiker, 3=none 
Approach Pos: !=above, 2=level, 3=below 
Slope Aspect: l=E, 2=W, 3=5, 4=N, 
5=SE, 6=SW, ?=NE, 8=NW 
Terr .in: !=valley floor, 2=bench, 3=Moenkopi talus 
4=Chinle talus, S=mesa top 
Vegetation: l=blackbrush, 2=shadscale-ephedra 
3=pinyon-juniper, 4=other 
Initial Behav: !=lying, 2=standing, 3=walking 
4=running, S=feeding 
!1TJTiediate Response: l=none, 2=slight interrupt 
3=moderate interrupt, 4= walk away 
S=run away 
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